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FOREWORD 



nnHE FIRST 2 0 YEARS of the Naval Medical Research Institute's existence encom- 
passed most of World War 11^ the Korean conflict, the rebirth of "limited" war- 
fare and '^mmkAim^m^ mkmpmm^ o|>erattom^ li^e wSkmi li liiadba^ 

weapons and power, the beginnings of exploitation of space, and the regained im- 
portance of undersea operations to the Navy. Major advances in technology along 
vnth a rapidly changing socioa^oncmiib and ^^mM^fml m^xM mmi^iS. m^^^. i^m^j^. 
in the naval mission, strategy, wea0mir^^ and mmpmmi^ m&dk wtt aii^idasil 
changes in medical requirements. 

This 20 years has also seen vast changes in medicine. As government and indus- 
try have expanded research effort, a concentration of talent has been brought to bear 
on many disease problems and has resulted in a weltering array of new diagnostic, 
surgical, and therapeutic techniques leading to ever greater specialization and re- 
quirements for the modern hospital complex to provide the care which an informed 
soctety xmw ^^ects. Basic biomedical research promises better understanding of 
dkea¥6Si ffl^ MtStlife thei^ prevention yet prevention lags far behind therapy in 
both the research effort and application. 

Twenty years is also a generation in the history of man. Those scientists of the 
prewar and World War II era who played such a large role in shaping the research 
efflott at the Naval Medical Research Institute are being replaced by a younger gen- 
eration which looks to the future. Since the value of a research institution can only 
be measured by its past record, the reputation it has established, and the contributions 
it has made, it hat s^iM©3>«^tlwhile to have «ome of to H^^lor f^emiaA dfefe at 
the Institute reviewed and summarized by those most familiar with the efforts. This 
record of accomplishments and failures, of contributions to the Navy and to medicine 
in gc^riex^ '^vt^'ll^ f^^^li^^i^pop wM^. mm>^^lmM^: tradition of service to the 

Navy and tfceir ^wiij^ jb^lrft bjr Siose 'wfio Mlow. 

John R. Seal 
Captain, MC, USN 
Commanding Officer 
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I. INTRODUCTION 

D, E* Goldman 



The material presented in this volume represents 
an attempt to provide the scientific and military com- 
munities with a panoramic view of the research ac- 
tivities of the Naval Medical Research Institute 
(NMRI) over its first 20 years of existence. These 
activities have dealt with a wide variety of basic and 
applied problems and have been related to many facets 
of naval medicine. They have involved many scien- 
tific, clinical, and technical areas and have also in- 
volved collaboration with other laboratories^ field in- 
stalk^^Q^^ dad vmU. Gosnplete covem^ g$ the 
work done is impossible, partly because over the years 
there have been changes in emphasis and turnover 
# f&mmnii ismd fe^^anlse of diffl^tiif^ m 

following a problem from its laboratoiy aspects 
through to its agplication in the field. Some areas of 
m^ai^ hm^ ^^reie^ bmt im^ksmd^ 'm mm ^ 
tail; others have been chronicled and still others merely 
listed. Certain axeas have had to be omitted for one 
rmim m mo^t. tht^tm^e^ fa largely in the form 
of scientific reviews, but distributed throughout are 
examples of applied research and of the development 
of procedures for preventive and therapeutic medicine 
in relation to field and hospital situations. 

A short his^aorical note is in order. The Naval Med- 
ical Researeli Institute was commissioned in October 
1942 with an initial staff of 13 officers and 50 enlisted 
men. The staflf grew to about 200 as wartime activities 
expanded and was at the time almost entirely mili- 
tary. The work was largely concerned with the de- 
velopment and testing of devices and methods to be 
used by the fleet. Extensive studies were carried out 
on protective clpthtng^ desalination of sea water, avia- 
tion oxygen equipment, insect repellents and other 
iiieans of insect control, physiological effects of tropi- 
cal entdioniamtji md tte €ffe(pt$ of imxnei^on in cold 



wat^. I^aecines, night vision, body armor, nutrition, 

oral hygiene, tropical diseases, and parasites were in- 
vestigated. Shortly after the end of the war, NMRI 
participated in the Bikini atomic bomb tests and has 
since contributed largely to the knowledge of the 
biological eflects of radiation. Growth in this field 
eventually led to the formation of a new laboratory 
(Armed Forces Radiobiology Research Institute) to 
handle some of the applications of radiobiology. 

In 1945 the physical plant was approximately 

equipped animal laborator)' was added. Another seCr 
tion was added to the laboratory in 1957. 

Af^ ^6 mS M VMi II "^me im a mpid 

shrinkage in the size of the Armed Forces and many 
of the investigators returned to civilian life. Much 
# th0 li^dtii^ ^^Po^ra^ howe^ mi^ wemkiJ&i sd- 
though with a shift in emphasis from development 
and testing to research. A civilian component was 
gradually added to the tMS mS m WCi&xt years, the 
total staff has remained more or less evenly distributed 
between military and civil service persc^lii^^ with an 
average of 40 to 50 at the professional fe^l. 

The function of an active medical research labora- 
tory in a military organization warrants some discus- 
sion. Among the many problems faced by the Navy 
is the maintenance of the health and effectiveness of 
its personnel. Traditionally, the Medical Department 
has cared for the sick and wounded and has advised 
on ways and means of avoiding illness. As the scope 
and complexity of military operations have continued 
to expand, the extent and complexity of the health 
problems have taereascd to the point where specialized 
knowledge is now required to solve them. Thus, the 
need for research has continued to increase and there 
a^ npvr a mimt»er of active labox^torii^ witfain ^ 
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Medical Department whose primary mission is the 
solving of as many of these health problems as time, 
and fadlities will pennit. W&me ^ fiiese pili%^ 
tenis are common to all mankind, or at least to such 
<^ mankind as may happen to be involved in certain 
litiiie^i^i Sdfne of the problems are either pecu&^ 
to Navy operations or are so likely to occur in Navy 
operations that the Navy must deal with them inde- 
|ieii(f<ei»i[y al mf gemml intei^st and importance 
which they may have. 

Of the several research installations of the Medical 
I>epai*to«nt, flie Nkval Medteal Research Institute 
has the most broad interests and d<^a]s with the most 
basic aspects of naval medical problems. One of its 

those research areas which underlie most directly the 
practical problems faced in naval medicine. These 
problems are at least as much preventive as thar^ 
apeutic. Although the traditional activity of ^emtUdi^ 
cal profession has been in the area of cure, it is ob- 
viously more efficient to prevent when at all possible. 
In any case, both prevention and cure require an u^ 
derstandincT of cause, and the search for this under- 
standing is w hat is often meant by basic research. The 
results of basic research can then be used to pi^^ii^ 
practical means for the solution of important prob- 
lems. Progress is through a stage of applied research 
in whicli^p^lSet^ima^m^m IddM&I^iiii^^f 
work where the end product may be a device but in 
a medical context is most often a procedure or set of 
iMlirl^% rules. 

To accomplish its mission the Naval Medical Re- 
search Institute requires trained scientists and phy- 
sieiaiis^ ps^te iiM& not only mmf mt i^tmps^j&m-m^ 

search but who also are able to relate their research 
to Navy problems. The overall process is not a direct 
m m^i Rarely^ fe^t possfi&fe I0 m^a^pm a pf^^ 

lem, carry out the needed research, and apply it to the 
field problem all in one sequential chain. Biomedical 
prbbi^ have a i^bd^^ fetbit ctf being complex and 
interdisciplinary. It is characteristic of research activi- 
ties that the results of one study may be very useful in 
an am t$ttt«6de #^t t#tfi^^ interest. 
For example, woii on muscle cells has proved to be 
valuable in the study of fatigue. Research on the neu- 
rophysiology of flie brain stem may heljD solve difficult 
problems in submarine medicine. Examples could be 
multiplied. What is important is that, especially in 
hiGmeMekl work, the extensive interactions of scientific 
activities belie the notion that mission oriented research 
must be directly related to the end product. 

Proper analysis of a problem involves expert judg- 



ment as to the selection of an approach, eflFectiveness of 
equipment, evaluation of data, and often the education 
M &e consume m the use of the solution. Clearly, 
high caliber personnel are needed: imai::inative, force- 
ful, and expert. The accommodation of such peo- 
iik in m ttiffi^^ febdratatf f^^H^ «^aximum dt 
their scientific judgment and in order to maintain 
such an expert staff, personnel turnover must be kept 
at hmt tt% t0ia% impj^^^^s^ i& Wm pm 

for specific duties, let them go at the termination of 
a particular study, and then try to find new people for 
new woric. The featt pfdcedtii^ 

is to select highly comj)etent and imaginative scientists 
whose interests lie within the major fields of interest 
&i Navy, to support them, and td efttduiragef i^teir 
cooperation. To the extent that they respond by turn- 
ing out useful work in the general areas of relevance, 
tfie formulk is a Access. It api^lies equally whether 
the scientists are civilian or military. 

In the chapters which follow, a number of the more 
active areas of the Institute's work are covered in 
greater or lesser detail. At the end of the volume is 
a bibliography of the Institute's publications which is 
believed to be nearly complete. Those who are in- 
terested in the Institute WiQ ftid a perusal ii 
that biblio£rraphy illuminating. Considerable work 
has been done, for example, in areas such as submarine 

tables, tolerance to atmospheric carbon dioxide, oxygen 
and nitrogen toxicity. In the area of shipboard medi- 
mmti m smh, me Rni i^i^N^^ io v^fje m 

tion sickness, protection against sunburn, and problems 
in hygiene and toxicology. A particularly active area 
has been that of expeitaliiiifeai Surgery, in Vi^th &mm 
has been considerable work related to the development 
of open heart sui]g[ery and vascular prostheses. This 
res^tch hm ilm tmtnbial^ fo the establishment of a 
tissue bank at the naval hospital in Bethesda. Nearly 
400 senior authors have been associated with the prepa- 
ration of approximately 1,800 reports ranging all the 
way from short technical notes through extensive re- 
search reports and reviews. Much of the material has 
appeared in the scientific literature. 

No apology is made for the ob\ ious gai)s in coverage 
of work in the summaries which follow. No one indi- 
vidual or group has had sufficient continuity to have 
complete perspective of Qie |ax)blems and of NMRFs 
contributions in problem areas. The failure to de- 
velop senior scientists with such perspective will be par- 
ticularly noted in such areas as underwater pl^f^l^ 
and clinically oriented research. It is in such areas that 
the bibliography will be most useful. 
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II. HOT AND GOLD ENVIRONMENTS 

David Minard 



Introduction 

Man is a homeothennic animal. Under conditions 
of excessive environmental heat he maintains a normal 
body tantpinialii^ hf msf^ii^ w^ evapomtii^ smss^ 
on his body surface. Evaporation of each gram of 
sweat dissipates 580 gram-calories of heat. Under 
exb«mely btJt conditions evaporaticm of a» much as a 
liter of sweat each hour may be required to maintain 
heat balance between his body and the environment. 

loss of heat from the body results in shivering, which 
is an involuntary fonn of muscular work. Work crf 
my Soim tends to rsam tfie mm dFl>6dy heat prddtic- 
tion and thus reduces discomfort of a cold environ- 
ment by offsetting losses of body heat. In a hot 
environment^ hard work increases the heat load on 
the physiological mechanism of temperature regula- 
tion. In military operations, particularly in combat, 
men are exposed to wider extremes of temperature, for 
liHI^ piifods, both in natural as well as in artificial 
environments, than in industrial occupations or oth&t 
peacetime pursuits. 

Th6:^al Injury 

Failure of the body to compensate for cither external 
heating by hot M^^i^i^^ls ftixitl 
elevated heat production by work or by a combination 
of these two factors leads to heat ilbiess which may 
take one of three m^fmm^ bieiit ^siiilDii^ 
which results from circulatory deficiency, (b) heat 
cramps which results from depletion of body salt, or 
(c) heat sti^i«Aiit& resft^ 

to form sweat. Heat stroke is the most serious form 
of heat illness because without benefit of evaporative 



cooling, the body rapidly stores heat. Unless the 
victim is promptly and effectively cooled Mgh 
internal temperature damages his brain and Otkex 
vital tissues with death as a frequent result. 

E?qi)bstfiPfe^ inft^ trd^ to fedft di^mmi 

tropical climates such as occurred in Allied forces 
operating in the Middle East, in Southeast Asia, in 
l3ie Philippines, and in New Guinea: III W&M War II 
led to high incidence rates of heat casualties which at 
tones exceeded those resultirig jErpm enemy action. 
More recently the deleterious effects of environmental 
heat were experienced by American combat units who 
were landed in Lebanon in July 1958. In the summer 
of 1961 British units airlifted from the United King- 
dom into Kuwait wer{* suddenly exposed to the CK- 
treme heat of the Persian Gulf area. According to 
an article in the London Times published in July 
li^ the ifiddeiiee rate of hmi oassmMm in these 
unacclimatized units was about 10 percent. This arti- 
cle referred to the opinion of an expert on heat stress 
who estimated that ^e rate of heat cg^i^llil^ iit ^ese 
units would have been 50 percent had tibl^r be^il 
committed immediately to combat* 

The montfily incidencseiolfceat^isiaftttiSigsr^ 
and Marine Corps of the L^nited States reaches a peak 
in June, indicating that miUtary pei'sonnel are more 
mm&pW^te to htstt effects early in the summer season 
before they have acquired full acclimati/ation. The 
Marine Corps experiences a higher incidence of heat 
Oisudltks than Ihe Navy. Hc^latively high f1at« 6f 
casualties in Marines occur during coinbat exercises, 
particularly those conducted in early spring when 
units of the 3d Marme Divisioii from Okinawa are 
tsoii^ M m^M^ in lim IM&pf^^ :Mands. 
The chanire in climate is abrupt. In March 1962. 
approximately 75 moderate to serious heat casualties 
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with 1 death from heat stroke occurred in a sincrlc 
Marine battalion during the first day of a 5-day exer- 

Under conditions of extreme cold, increased heat 
production from voluntaiy work or shivering may be 
insufficient to maintain deep body temperatufe MiA 
the temperature of vital tissues at the body core will 
kWM tp fall. This i? kl^^yn as ge^neral h|pQtbernai;a. 
Fatal levcSs of hypothermia can develop v/fibife an hour 
or less as a result of accidental immersion in sea water 
at temperatures of 28° to 30° F. which are encountered 
^t high latitudes. A large majority of deaths from 
immersion which occurred in survivors of Allied ships 
sunk in the Atlantic by enemy action in World War II 
can be attributed to hypothermia, ratlier than drown- 
ing because in water temperi^tiim as high as 70^ F., 
sun^ival time is measured in hours rather than in days. 
Even when the survivor succeeds in reaching a raft or 
an opi^ lifeboat, low sea and air tanperatures are 
important factors contributing to mortality. On ex- 
posure to air at subfreezing temperatures when cloth- 
ing pi^e^ti^stfeii if liiatifeeiuate, hypotherniiia imf afe© 
occur but generally dexelops more slowly than in im- 
mersion hypothermia. Under these conditions local 
cold injury usually pneeecfe general hypotfiemiia and 
takes the fomi of frostbite. With air temperatures 
somewhat above 32° F. a more slowly developing form 
of cold injury can occur which is known as immersion 
foot or trench foot. The sequellae of nonfreezing cold 
injury, however, may be more disabling than frostbite. 
It is well known that cold was the major factor in the 
defeat of Napoleon's army in his Russian campaign 
and that cold injury took a heavy toll in both the Allied 
as well as the enemy forces fet'both World Wars. In 
World War II the American Army in Europe sustained 
over 55,000 casualties from cold. Over 5,000 casual- 
ties were reported among United Nations units in 
Korea in the winter of 1 950-5 L 



Effect of Thermal Stress on Performance 

Individual tolerance to extreme temperatures varies 
widely. Morphological f&uMtS of ho^ hi^hiSj bio- 
chemical factors related to body composition and nu- 
trition, physiological factors which underlie acclimati- 
zation and phymst Smmy mimlmt factors inlcltidffig 
adequate clothing, indoctrination, training, and leader- 
ship all play important roles in determining the degree 
to whieii ^eii&^d siresB vM i^'Amm^ iSiBm ptiioTm- 
ance of units in military operations. In a group of 
healthy young men in military service exposed to the 



same hot or cold climate, only a small percentage may 
become actual casualties in the clinical sense. How- 
ever; li^Mdtefi^ cfi^tiMties, ^te^ ^ioniStf- 
tuting aii teportant medical problem, should be con- 
sidered significant chiefly because it serves to indicate 
prevailing cottditiom of fieat or cotd Severe enough to 
hamper cfTective performance by the military unit as 
% whplfi. It Jias been clearly established that there if 
d^lteribration Tk);tJi in quality and quantity of woA 
performed during exposure to extreme temperatures. 
Certain skilled tasks requiring high degrees of muscle 
coordination and purely mental tasks such as those in- 
volved in deciphering a code iswiversely affected 
by relatively mild degrees of heat stress. 

In severe cold, numbness of the hands and fingei^ 
interferes seriously with tasks involving manuel dex- 
terity. The weight and bulk of clothing needed for 
insulation against cold further reduces efficiency of per- 
formance. Problems ofiMlrMon, envinjittnental sard- 
tation, and the medical care of casualties are all greatly 
magnified in military operations conducted in frigid 
zones. At t^nqfi^tiirieiMow —50^ F. dffiective- 
ness of men, vehicles, and weapons approaches zero. 

The present aim of naval medical research on 
thermal factors in the environment, Aerefore, is not 
merely to establish limits of pliNsiological tolerance to 
thermal stress but more importantly to define environ- 
mental conditions and to develop operational practices 
iMiticii vniU pmm^ mBtsimtm clidency and aptetim 
health in Na\^ Marine Corps personnel whose 
duties require tditf or prolonged exposure to extreme 
tempeiSiuiife 

Research on Thermal Stress Problems 

Shipboard standards for environmental temperature 
and humiMifir-^Wmm WW ^Smmgk tS^ m mmh&c @$ 
reports were issued by the Naval Medical Research 
Institute dealing with adverse effects of heat stress 
on comfort, health, and efficiency of Navy personnel 
(131, 428, 901, 1153, 1216, 1222^ • iSese 

studies were conducted not only in laboratory hot 
rooms at NMRI but also aboard combat vessels and 
hospital ships cruising in tropical waters. Thermal 
standards ©omfort and for maximum tolerable 
heat stress established by these reports appear in the 
Manual of Naval Preventive Medicine (ch. 3) and 
serve as a gialile to m^^^^^^ ot BuSMps^ Id dtes|piag 
ventilating and cooliligi |$|plins for new m0^ti^^t^n 
and for revision of escistin^ shipboard imitaniations. 
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H€€^ stress in machinery spaces during ventilation 
shutdown, — When under attack fey ntiicfer, biological, 
or chemical weapons, Navy surface vessc^Is must "but- 
ton-up'* to prevent contamination of the ship's interior, 
ite^^ coffdticaeid by NiiRI m 1951 indicated fliaf 
l^tilation shutdown leads to rapid accumulation of 
intolerably high levels of humid heat in machinery 
spaces ( 1 786) . As one consequence of these findings, 
steam propelled Navy ships are now designed with 
mechanically cooled console rooms within the ma- 
chinery space from which propulsion equipment can 
remotely controlled during emergency ventilation 
shutdown. Individually cooled suits are being devel- 
oped for engine room personnel whose duties demand 
4Mx exposure to inte«^ stress in unventilaled 
areas of the machinery space. 

Heat stress in machinery spaces and laundry, — 
Mechanical cooling of spaces accommodating the 
ship's engines and boilers as well as its laundry is not 
feasible because the weight and bulk of cooling equip- 
ment needed would be prohibitive. Heat stress on 
men at w(^rk stations in these areas is alleviated by 
"spot cooling," a system in which outside air is directed 
on men at high velocity from a supply teiminal. Pro- 
p&Mm ^ wm- dbi^ is now dei^gned to 

operate at approximately twice the steam pressure of 
older ones. It was necessary, therefore, to reexamine 
existing stoi^in^isK ^ifi^B^aiii^ au^ id i^ecaMit^^^ 
neers with more valid critaia for designing thm 
systems. 

In WM dbservenr from BuShips and from NMKI 

made simultaneous physical measurements on thermal 
conditions and physiological measurements on person- 
nel on watch in the machinery and laundry space of 
a lai^e new aircraft carrier during flight operations 
iti the Caribbean ( 1133) . As a result of these studies, 
improvement in engineering control of heat stress in 
these working spaces was initiated. An unexpected 
finding was that certain well known heat stress indices 
fesiS^ bfi €^|tputations involving temperature, humid- 
itv. air x elod^jf^ Und radiant heat proved of little value 
in predictkif heat effects on the men. This indicated 
the need fdr further research on heat stress under 
conditions more closely simulating the mm^^ 
thermal environment found in machinery spaces of 

Impermeable protective do^/iin^— In January 1962 
the Bureau of Ships rc([uested NMRJ to determine 
limiting conditions of air temperature under which 
men exposed on weather decks of ships to enemy 
attack by biolc^cal and dianical agents could operate 



effectively for at least 4 hours while wearing protective 
closing consisting of external !mper«ftegflMfe gaiRn^nts^ 
iras mask, rubber boots and glo\ es, worn over a chem- 
ically impregnated suit. The aim was not to design 
iiew garments but rather to utilize gear alr^idy on 
board Navy ships. 

These studies are still in progress but one important 
finding is that a continuous water spray directed on 
the subj( ct raises the limiting ambient air temperature 
for working for 4 hours in this assembly from less than 
75*^ F. under dry conditions to 95*^ F. when cooled by 
spra\ . Shipboard tests have also been conducted. 

Other forms of protective equipment such as body 
armor also interfere with dissipation of body heat in 
hot climates. Effects of body armor and load carry- 
injT equipment on combat effectiveness is a subject 
which has been under active study at the Naval Med- 
ical WM. Keie^i^ Laboratory at the Marine Corps 
BaiS, Camp Lejeune, N.C. 

Prevention of heat casualties in recruits. — Unaccli- 
matized recruits exposed to heat stress during summer 
training experience a high rate 19f teat casualties. 
The incidence rate in Marine Corps recruits at Parris 
Island, S.C., has been significantly reduced since the 
introductic^ In 1^8 ^ d ptis^mm ^Mah mttsak 
strenuous training exercises during spells of hot 
weather (1134, 1786, 1787). Heat stress is evaluated 
m imtm ^ di^ %adbx of 

Yaglou which is based on hourly readings of the wet 
bulb, dry bulb, and black globe thermometers weighted 
asfeQows: 

0.7 WB + O.l DB-f 0.2 GT=VVBGT Index. 

At index levels of 85° F. and above vigorous training 
is curtailed for new recruits. More seasoned recruits 
continue regular training until the index reaches 88° 
F. or above. Other key elements in the program ajre: 
emphasis on ample water and salt intake; rational 
clothing practices, conditioning platoons for obese re- 
cruits; a breaking-in period for all recruits; indoctri- 

hot weather hygiene; and perhaps most impctt^ntly^ 
active support by the training command. 

Lack of acclimatization in personnel engaged in com- 
bat operations, — When suddenly transported from a 
cool climate to a hot ( limn if in other parts of the world, 
highly trained troops sulier the impact of environ- 
mental heat stress bdeSEose they are not adequately 
acclimatized. The cost to the military operation is 
twofold: first, loss of personnel who become heat 
casualties ; and secondly^ reduced combat df^ti^^enei^ 
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of the unit as a whole. The latter is the more 
important. 

On February 19, 1959, a battle group of Army para- 
troopers from Fort Bragg, N.C., was airlifted to a drop 

they parachuted and reassembled. Immediately 
thereafter they began a 2-day combat exercise against 
an %gressor** toijpeef made lap dF Army units stationed 
in the Canal Zone. Body weight, heart rate, and 
body temperature, as well as urinary volume, specific 
gravity, and electrolytes were recorded at !7150 on 
each day of the exercise and compared \n itli measure- 
ments made before the exercise and after return to 
Fort Bragg (1135). 

All test measurements differed significantly from 
the control and recovery measurements. The pat- 
tern disclosed was that of moderate to severe dehydra- 
tion associated with salt imbab^@e, disturbances in 
thermore£!;ulation, and circulator)' strain. Line and 
medical officers observing the exercise stated that com- 
\m 4W^^ms^ M ^ mSk Wm^ Bi^agg was seri- 
ously impaired. Ry contrast, a control ij^roup of 10 
*'aggressoi's" who had been stationed in the Panama 
area for at least 6 months showed h6 iSgilifiisant dievia- 
tion from normal in these measiuements, nor was a 
performance decrement noted. In I960 and 1962 

and well-controlled inx estigations conducted in Aden 
by the British War Office. These field studies dem- 
onstrate once again ihe sertom p%sftoIogica:l ltan<fiGap 

under which unacclimatized foot soldicis must operate 
when suddenly transported from a cool to a hot cli- 
mstim iy£e^%^r|^ tiii^i^easing heat l^cSmi^ ^ ^ 
accHmatizeii before transfer to hot cHma^ are 
urgently needed. 

Local cold injury, — Fundamental studies on the 
pk^^k^i^tpgitiiology nnSeriying irnmeFsi^cm foot 
were contained in several reports from NMRI which 
appeared duiing and inmiediately following World 
War II ( ItlS, 1451, 14^, !«, MS*) , fteport No. 
3 of this series describes in detail the x apor barrier 
principle subsequently adopted in the now famous 
combat boot which proved so successful in the Korean 
eosnfikl. 

Experimental frostbite is currently under study at 
NMRI. By use of carefully standardized methods of 



freezing and thawing of extremities in experimental 
aniciDalli it possible first to confirm the tissue* 

sax inc: benefit of rapid rewarming, and more recently 
to provide supporting evidence for the additional ad- 
va^laf e obtained by immediate sympathectomy (687) . 

Hypother?nia.— Body cooling during water immer- 
sion and the design of innnersion and exposure suits 
were subjects actively investigated at NMRI during 
and following World War II (1(327, 1030, 1200, 1201, 
1456, 1457. 1459, 1460, 1780 i . Field tests at Argentia 
Bay in March 195 1, demonstrated that men in ordinary 
clothittf ship by jum^il)^ $113 i^^r at 

^7"" F., swim to an inflated lifeboat equipped with 
canopy and sleeve openings, and there survive for 5 
days on i& iWly ration of 100 grams of carbohydrafe 
and 400 ml of walei 1127). Current studies at 
NMRI are being conducted on physiologic effects of 

immi^iiba tiiifo mi¥dmi% md mmM^hm. 

Laboratory stnMes ttrftif ^imm gradient calo- 
rimctcr. — The human gradient calorimeter at NMRI 
is an important new laboratory tool for studying re- 
actions of the resting or working humatt sitbjieGt to 
heat and cold. It differs fi om c lassical calorimeters in 
that its response to changes in heat output is rapid, 
linear, and teh sensitive and atmi^^te. TPisStiperature 
conditions within the calorimeter can be controlled 
from near freezing to temperatures well above human 
heat tolerance. Heat output is recorded continuously 
and automatically, with the capability of recording 
the major partitions separately, as well as the total 
output. A detailed discussion of this device along with 
other applications is given in chapter VI. To date 
studies utilizing the human calorimeter have led to 
modifications in the classical concepts of body tempera- 
ture regulation. It will also contribute to solution of 
problems of immediate practical interest to field medi- 
cine. A few examples can be cited: {a) Selection and 
Jgj^i^ing of personnel whose assignments require ex- 
]:)osurp to extreme temperatures, (h) Dc\e]opment of 
procedures for rapid acclimatization to heat or cold, 
(c) Evaluation of protecting clothing, {d) Evaluation 
of h(\at loads imposed by protective equipment such 
as body armor, and {e) Selection of the proper intenal 
ftnd duratidH^ ^ i^ periods to pi^^t e^illative 
effects of thermal stress and fatigue in personnel wmjc- 
ing at cxtieme temperatures. 



III. RADIATION BIOLOGY 

E. P. Cronkite 



Ionizing radiation and its effect upon men and 
materials has developed into a major military problem. 
Radiation became a casual^' ps^db^l^g agent with 
ihr introduction of nuclear wes^^i^i^i Radiation is 
produced at the time of the expldliQtt and continues 
with decreasing intexmtf iwom Wie reiE^dtial radioactive 
materials and from neutron induced radioactivity. 
Rainout and fallout from atmospherically borne radio- 
aiCf#^ libiiMii^ m^mti^^n^ liige land masses with 
psychologically annoying or lethal levels of ionizincr 
radiation to human beings. Similarly ships and air- 

nated by operation in and through contaminated at- 
mospheres or waters. For the Nayy^ radiation 
jm^^itos af««rt^ m &m mmiSLl me of nuclear 

weapons in warfare. The development of ship pro- 
pulsion by nuclear reiactpr g(Biiei^ted ppw^y is s|)read- 
ing throughout €ie fleet, from nucl^f m^fmmmd 
the use of nuclear reactors for power, naval personnel 
may be exposed to small doses of gamma rays and 
neutrons at all energies over long periods of time. 
Reactor accidents although highly unlikely may ex- 
pose naval personnel to high doses over a short period. 
A problem unique to the Navy is the concentratiaii isf 
certain fission products in marine life growing on the 
ships' bottoms. In peacetime maneuvers and training 
there is a hazard from the components of nuclear reac- 
tors, radiation from spent fuel rods, leaks in nuclear 
weapons systems (tritium gas) , accidental nonnuclcar 
explosions of nuclear weapons systems (contamination 
of wounds, inhalation or ingestion of plutonium and 
uranium) . These are just a few of the potential radia- 
tion problems with which the Navy of today is con- 
fronted. lipMire to radiatiofi triay imvll &i WiM 
injury or may produce injury that remains hidden in 
ihe information system of proliferating cells that is 



expressed years later as leukemia, diipimition in 

longevity, cataracts, etc. 

The understanding of ionizing radiation in all 
forms and knowledge of its effects on livang things 
commenced less than three score and ten years ago. 
In 1895 Roentgen discovered X-rays. In 1900 Kassa- 
bian commenced the description of radiation derma- 
titis of his hands that would later result in radiation 
cmc&r fbllovv^ 1^ wai^i^m^i^m mSi %Mittm^ hi^ 
death in 1909. In 1905 Einstein foiTnulated the theor\^ 
of relativity which laid the theoretical background 

isf iiif ultimate ^ismits^mmm ^ wmtmr mm^^i Ite 

the period 1895 throudi 1940 there was intensive 
study of radiation elTects on living tissue. These 
were pursued vigorously, particularty in Brance and 
Germany initially, and latci England, the United 
States, and elsewhere. Of particular note are the 
pathologic and hematologic studies of HiSii^i^ %mf 
cassagne, Fabricius-Moller (Denmark)^ MtA WS^ny 
others which form the foundation upon which quali- 
tative pathologic and hematologic effects of radiation 
lIPe still based. In this period, however, studies were 
primarily focused upon local irradiation and were gen- 
erated from the desire to improve radiation therapy 
of cancer in addition to obtaining a basic understand- 
ing of the mechanism of the effects of ionizing radia- 
tion upon tissue. In 1932 the introduction of the 
roentgen unit as an adequate measure of the radiation 
delivered in air brought radiation biology to the level 
of a quantitative science. The neutron was discovered 
by Ghadwick in 1932. Nuclear fission of uranium 
was observed by Hahn and associates in 1939. In 
this year Einstein communicated to President Roose- 
"^lll^ li^s of nucIeiiEr^fAiysicists upon the mili^if 
possibilities of atomic energy and bombs. Government 
support of fundamental studies on nuclear fission was 
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then initiated. Basic studies on uranium fission, neu- 
tron moderation and reactor theory culminated in 
successful operation of sustMned' §^^m M #^ pfle 
by Fermi and associates in December of 1941. In 
September 1942, the Manliattan Engineering District 
was formed to produce idn^ WOiibm^ of fis- 

sionable material for the development of an atomic 
bomb. Full cooperation of American and British sci- 

other noted physicists. On July 16, 1945, the first 
atomic bomb was exploded experimentally at Alamo- 
gonfe, N. Mex. On August 6, IINB, the iStst military 
use was made of an atomic bomb in an attack on Hiro- 
shima and August 9, 1945, the second atomic bomb 
wa$ used at Nagasaki. 

A few days thereafter the Japanese capitulated un- 
conditionally. The United States' strategic bombing 
survey groups extended their activities to Japan. Since 
nuclear weapons brought a new magnitude of destruc- 
tion to warfare, the final conclusions of the strategic 
bombing survey are pertinent. "To avoid destruction, 
the surest way is to avoid war." This was the survi^ 
recommendation after viewing the rubble of German 
cities and it holds equally true whether one remembers 
the ashes of Hiroshima or colMiS^ fiu^ i^^ibbi^t^^ 
of American cities. "Our national policy has con- 
sistently had as one of its basic principles the mainte- 
^lace ^ fmm* Based m mf liieafe ^[^e 
of peaceful development of our resources, this disin- 
terested poHcy has been reinforced by a clear lack of 
a^yfhknig^^mi^^ t^^ — evM ki victory. No more 
forceful arguments for peace and for international 
machinery of peace than the sight of the devastation 

H^m^lkmk mA i^bt^mM imt tsm been devised. 
As the developer and exploiter of this ominous weapon, 
our nation has a responsibility, which no American 
#Q^d Id lead in ^iblishing and implemeriting 
tbe international guarantees and controls which will 
prevent its future use." Unfortunately, despite thiesi^ 
forcible exhortations the p«)litical ^virdnment of the 
world remained such that it was necessary for the 
United States to continue study of the problems con- 
cerned with potential use of nuclear weapons. 

The introduction of radiation studies into the ac- 
tivities of NMRI resulted from the organization by 
ihe Bureau of Medicine and Swgery of the U.S. Navy 
of a unit determined to solve the medical problems 
created by the use of the new weapon. On 8 Sep- 
tember 1945 Comdr. Shields Warren, MC, USNR, 
was ordered to NMRI to implement the plans for the 
study of survivors in Japan. This medical group was 
integrated at Pearl Harbor with the Naval Technical 



Mission to Japan. From a study of the reports of the 
Nav^tl Technical Mission to Japan it is clear that the 
United Sfe^ ri^^i^ the first clear estimate of the 
effects of atomic bombs on cities. The pattern of in- 
juries was shown to follow a definite chronological 
ofder blBS^ €fft^^^ "Ilis €@mpH^^@i^ 

introduced by combined thermal, mechanical and 
radiation injuries were clearly presented. The clinical 
mmse of tincomplicated t^MIe h^y imSsA^m Injury 
produced by exposure to the initial bomb radiation 
was described. These initial classified reports clearly 
pwpesented iJie medical eflfeiis ctf nuGtear bombs. How* 
ever, with the formation of a United States-Japanese 
Gonmiission for the Study of Atomic Injuiies under 
the Supr^Q^ 6(£mzti3tM i&e trliia^ 
combined with this more comflsr^'l^lfliN^ p^ject. In 
addition to the purely biological effects of radiation, 
the Naval Technical Mission undertook a study in 
collaboration with Japanese physicists of the residual 
radioactivity. In this study survey instruments QPR- 
structed at NMRI were utilized by Lt. Comdir. K. 
Pace, H(V)S, USNR, and Lt. R. E. Smith, H(V)S, 
USNR, in this first field study. The half-life of resid- 
ual activity was successively determined and a meas- 
wre of the intensity of ttilr/Mldut in Nishij^aiaga^ ^^r- 
voir area at Hiroshima was made and shown to be 
insignificant. This first study of fallout intensities was 
later to h&smmQ useful in li58-^2 studies by Atomic 
Bomb Casualty Commission in Japan. 

As a result of the strategic bombing siu-vey, the Joint 

"l^S^bs and the Naval Technical Mission to Japan 
teeame clear that further information was needed in 
respeet to the effetitj dF^llliiigl^b^^^ m& M 
ular. to the quantitative dose effect relationships be- 
tween nuclear radiations and the biological response 
of livkf^ob^i^is and m parimlar h^nian b^gSr. for 

this purpose a joint planning committee under the 
Joint Chiefs of Staff headed by Maj. Gen. C. E. 
licMofy 13SAF, was developed. The predcmdnance 
of Navy interests, in tests of the kinds contemplated, 
resulted in the appointment of Vice Adm. W. H. P. 
Blandy, USN, as the Commander of Joint Task Force 
One. 

The need for the tests grew from the fact that infor- 
mation on the effect of atomic bombs upon naval 

vessels and shipping in general was almost wholly 
lacking. Such a study was required by the defensive 
interest of the United States. The Joint Chiefs of 
Staff planners decided that three tests should be 
carried out including an air detonation with second 
priority to a surface or underwater detonation, and 
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iferity to detonation at a depth many thousands 
of feet beneath the surface. The specific objective of 
the tests would be tP ascexfeain the strategic and tactical 
significance of iSm aloiiii€%omb as affecting the future 
composition and employment of armed forces and 
determine what changes yvould be required in naval 
design and construction. Since ionizing radiation had 
become clearly a new type of casualty producing agent, 
biological studies were to be an integral part. The 
Naval Medical Research Section of Joint Task Force 
One was ofganized under Rear Adm. T. A. Solberg, 
USN, Director of Ship Material, by, Capt. R. H. 
Draeger, MC, USN, of the Naval Medical Research 
Ifi^tt^^^ IMlKS appc^ted as Gommahding Offico* 
and Capt. Shields Warren, MG, USNR, who was ap- 
pointed as Executive Officer of the Naval Medical 

in radiation pathology and participation in these tests, 
Warren later became the first Director of Division of 
Biok^ mi ligdiobie tJ:S. Mm&s Wmtgf 

( l<«niniission. The U.S.S. Burleson, APA 67, was 
designated as animal and laboratory ship and ordered 
ts) &e V!S. Ffoval Shipyard, San Francisco, for re- 
modeling into a sophisticated laboratory and animal 
quarters afloat, after designs by Capt. R. H. Draeger, 
MC, USN and Lt. S. Seal, MC, USNR. 

The biomedical program was designed to test the 
effectiveness of radiation against living animals and 
to study thermal burns and blast cfiFects. Aboard the 
Istt^were 200 swine, 204 goats, 60 guinea pigs, 5,000 
rats, and 200 mice to be used in the studies. Major 
accomplishments of the radiobiological program were : 
{a) The deteroiiiialipiSi of 

factorily the dose of radiation within ships thus demon- 
strating the absolute necessity for development of 
satMae^ff ^giiEiigtiig t^ihiiiqttes. (b) That radia- 
tion could be a lethal agent under conditions where 
ships are not destroyed and individuals beneath decks 
are prc^te^&ed ^mm ^mmt aiti toi««it A injuries, 
(c) Several new dosimeter devices and methods were 
tested and shown to be of limited effectiveness, {d) 
Bsid^ng test BAKER, the underwater shot, ^ hi^ly 
lethal nature of radiation from the base surge and rain- 
out over a wide area was demonstrated in shijDs, with 
^ritetaJs bie^ath decks, in which the ships suffered 
minor physical damage but in which the animals died 
Within 3 to 4 days following the exposure from pure 
mdiatibn in j my . ( e ) The flora and fauna which grow 
upon the bottoms of navaJ. vCissels were shown to con- 
centrate significant radioactivity from the contaminated 
«ea water. (/) The large animal studies at Operation 
CROSSROADS clearly demonstrated the feasibility oi 



dividing radiation injury into various categories de- 
pending upon the rapidity of the development of leuko^ 
penia and the tempo with which the signs and symp- 
toms appear, (g) Furthermore, it appeared, although 

there were inadequate control studies, that antibiotica 
and fresh blood transfusions were beneficial. ( // ) The 
predominance of gastrointestinal symptomatology and 
injury in the very h^ dose groups was sugge^^. 
(/) In the lethal dose range where there was a spon- 
taneous possibility of suivival, the predominance of 
i^mvhelming infe^on mm emixAw^m Use path- 
ology and lethal dose studies clearly showed that an 
underwater atomic bomb explosion produces much 
more ledial icaids^if cyviaf a Mrger &rcaL due 

to the base surge and the radioactivity that comes 
down in the rainout. (;) Pathology studies gave con- 

during life. The histopathological studies of Lt. 
Comdr. J. L. Tullis, MC, USN, on the Bikini animals 
p^kmi m^lkt the first time an important exception 
to the law of Bergonie and Tribondeau, namely, that 
i^e ftePd ©dkipf the lymphoid m^s, the bone marrpW| 
%e l€Stes^ and tlie ovaiies more resistant than ilie 
more mature cells. This important basic obseivation 
in radiation biology was made as a result of applied 
studies in the field. 

Partial or complete failure to attain certain objec- 
tives clearly define certain problem areas: (a) The 
quantitative relationship between the dose of radiation 
and ultimate mortality in different species of animals 
was not deteiTnined because of failure of radiation 
dosimetry and/ or the difficulty of computing the dose 
Ijiiiiiih mSi t mmpS^^iM shielding is ^dsts 

in naval vessels thus demonstrating a great need for 
development of refined dosimetry of the initial bomb 

ms^i^^ m& mMfxisl ts^^^m |&) laim com- 

plicated shielding configurations from ships' compart- 
ments, bulkheads, and machinery which "shadow 
^iit^i^ Mifaxuds 4ea39P0q*Bia?a^ ftre i^eesrfty for pcp^r 
forming inhomogenous irradiation of animals, (c) 
The necessity for dose rate and lethal dose studies 
onnbined wiHi hMi^tholpi^d tmA hematologic studies 
was clearly demonstrated after the BAKER contami- 
nating test, (d) The presence of combined thermal, 
mechanical, and radiation injuries was shown clearly 
thus indicating a new field for study in the laboratory. 

The serious health problems of surface ship radio- 
active contamination, and entrance of fission products 
into the life cycle of marine flora and fauna growing 
on ships' bottoms were problems that could not be 
handled at NMRI and necessitated a new laboratory 
embracingjsk cros^disdpUtiaiy attack physics^ ehem- 



istry, engineering, and biomedicine. Thus the U.S. 
Naval Radiqlogiq^ Def€aa§e Lahprato^ was feom.. 

The posii^e accotnpB3nnenti and Ihe TaStires to 
attain some objectives clearly aided in the design of 
continuing studies at NMRI in preparation for later 
field testing if further nuclear bombs were to be ex- 
ploded. Upon the return of the Naval Medical Re- 
search team to NMBJ, the Atomic M,^(^e .Etiiidii^ 
under Capt. R. H. Draeger, MC, 1®^ and Cfemdr: 
R. H. Lee, MSG, USN, v^as formed in order to plan 
for further field tests. Intramurally systematic patho- 
logical and hematological studies on swine, goats, dogs, 
and small mammals in ord^r to dissect systematically 
the pattern of radiation injury as a function of dose, 
percent mortality, varying depth dose patterns, and 
varying dose rates were ^eiijigenced. In conjunction 
with thes(^ iinestigations, comprehensive depth dose 
studies were instituted by the Radiation Technology 
Division under Ci^dr. W. H. Ghanibers^ Jr. MSGj 
USN. 

The internal collaborative studies between di- 

vkiom at MWF m0iS^ h^m w h^t imtti 

As a result of collaboration between the Pathology- and 
Radiation Technology Divisions, the vital role of dif- 
feiing iepth d^Dse pa^^iterns Bpon the mortality of radia- 
tion was demonstrated elearly. For the same amount 
of radiation delivered in air a more homogenous distii- 
butipn within tissue is significantly more lelU. These 
studies clearly pointed out the necessity of eventually 
determining the depth dose pattern of the initial neu- 
tron and gamma radiation from nuclear bombs and 
the depth dose pattern from radiation that might 
dev^p^ in any lacijUitarjf sitoaticm in order to assess 
the w^Sity tmmtd. Tkm was confronted with 
two primary and equally important problems. First, 
it was necessary to work out techniques for delivering 
reproducible depth dose patterns in animals from 
whole body radiation in order to study hematological 
and pathological effects and to evaluate potential 
therapeutic or prophylactic agents. Second, it was 
ne^ r ssai \ to work out the techniques for practical de- 
termination of depth dose patterns for the laboratory 
which could be used in the field while testing future 
atomic bombs. 

For the dosimetiy. the Radiation Technoloirs' Di\ i- 
sion developed small Sieve rt type ionization dosimeters 
fcta^iilH&|is^(^ig|llt^^ ill tissue eqtdv- 

alent phantoms for m^^^g the tissue close. In 
addition, a sophisticated of film and phosphor 

d^Sai^lefs were al^^ctevelc^d for ierns in parailMi^th 
the small ioni;?ation chambers. With these techniques, 
{precise measurements of the distribution of the dose 



within tissue equivalent phantoms were made for the 
1-Mev X-ray machine at the Naval Gun Factory, the 
2i.*i<Kr 3&r^^^ m #e "fim&l Orimtm fikn% 

and the 250-kvp therapy unit at NMRI. In addition 
they were utilized to measure the air dose and scatter 
from the exposure equipment imdor different condi- 
tions of scattering material The role of scattered 
radiation and ttip caxM^ d^^iigQ of iM^psure equip- 
ment to assure ireprodticlBMty and fd Mdude stafteSed 
radiation in the biologic eflPects were successfully ex- 
ploited by F. Ellinger. It was shown early that the 
most practical means of havinji^ a reproducible depth 
dose pattern in animals of \ arying sizes was to deliver 
half the dose to each side of the animal. This tech- 
nique was thoroughly evaluated from a biological 
standpoint and shown to be acceptable for controlled 
studies of radiation mortality and therapy of radiation 
injury and has now become a standard technique in 

The radiation from a nuclear bomb is directional 
and it was necessary to tiy to simulate bomb radia- 

tij await field tests in order to determine the depth 
dipse pattern of the initial radiation from a nuclear 
bomb and also to see depth dose pattern varied with 
distance from the explosion point. An opportunity 
to initiate these studies would not appear until 1951 
during OperaSon ©REENHOUSE. 

Between 1946 and 1949 a broad biological program 
on the hematological and pathological effects of radi- 
ation and the modification of radiation injury by chem- 
ical means was launched jointly by the Hematology 
Division (E. P. Cronkile) and Pathology Division (J. 

Tullis) . iFbf cheititiC^l prophylaxis ac^ainst mdiation 
a program was dexcloped for study of sulfhydryl com- 
pounds which was based upon the works of E. S. G. 
Barron of the Uni\ersity of Chicago (consultant to 
NMRI) who had demonstrated that the addition of 
glutathione (GSH) to enzymes would afford consid- 
erable protection against the inactivation of these en- 
-asps^ hy isatfiation in vitro. However, in order to 
evaluate the effect of glutathione (or other substances) 
it was first necessaiy to establish precise methods of 

precise techniques for the irradiation of the animals 
but also a very careful randomization and statistical 
setectioni m iil^ucing Mas itito 4m mp&ti^ 

ments, and careful maintenance to prevent introduc- 
tion of infection into the irradiated colony after ex- 

machine at the \Vhite Oaks Na\ al Ordnance Labora- 
tory it was possible to expose animals at dose rates 
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of 32 r per minute and simultaneously expose up to 
512 animals so that an entire LDr,o curve could be 
determined simultaneously for the treated and control 
animals. It was demonstrated that glutathione when 
administered prior to irradiation would significantly 
pmi^^ idlS^ cWbltig the LD50 dose of irradiation. 
However, the amounts of ghitathione that produced 
this degree of protection verged on being lethal them- 
S^^. Independently and ^Oftty before demm&l^ 
tion of protection by glutathione at NMRI, the Ar- 
gonne National Laboratory demonstrated protection 
iti^ri^i^is^iiir ey^i^e; Tbese were Ae first two 
clear-cut demonstrations of the capability of protect- 
ing against radiation by the administration of chemi- 
cal subsfeg^mes tOf trradktiofi. Systetn^e ^dies 
were performed on the nature of the sulfhydryl pro- 
tection. It was demonstrated that the protection was 

i^E^fipa 1^ Sifflfej^dfeii i^mpounds existed within radio- 
sensitive m^me^ ^SiS^tiW to life. It was further shown 
that only tht^ ti^ti^-tMf ^neentrafe iSm sulfhydryl 
compounds are protected. For example, the testicle 
does not increase the concentration of glutathione fol- 
lowing its administration and is not protected. The 
pieceding was based upon extensive studies of tissue 
distribution and plasma clearance in diverse species 
and then selected studies upon the mte of development 
isf atmphy of tissues following irradiadon. 

When a clinically interesting compound was re- 
ported in the literature as having a protective effect 
agaanst tadiation, it was checi^ 'ifn^ lei^fli^^ 
available at NMRI for assay in irradiated mice. It 
was successively demonstrated that none of the miin- 
MmmmM j^wp ^ ^m^&^mait^ were of hem&t m 

claimed by others. It was further demonstrated that 
vitamin Bi^j folic acid pyridoxine, and other substances 
ireputcffly of Ben^ were m reality, when adeqtiaf% 
tested in a statistically sound svstcm, not protective. 

Attempts were made to develop oral sulfhydryl com- 
pounds in conjunction with the Schwartz Chemical 
Co. but this was imsuccessful. The sulfhydryl pro- 
tection which initially appeared promisinp; and possibly 
useful in protecting mihtary personnel against radia- 
tion was given up bei^fme ol Ihe Sigh ^^dty and the 
inability to maintain a prolonged protective lexel of 
sulfhydiyl compounds in the tissues of irradiated ani- 
^^J^v li is of interest that the entire sulfhydryl pro- 
tection p^^spiiin w^ reopened by the U.S. Artsy 
ical Department in an extensive j)rogram aimed at 
obtaining protective compounds. The pathological 
picture of sulfhydryl protection was performed in con- 



nection with G. Brecher at the National Institutes of 
Health (NIH). This study demonstrated the ana- 
tomical site and the cells from which hematological 
regeneration commences and generated a long and 
fruitful series of collaborative studies between Hema- 
tology Di\ ision, NMRI, and Pathology Division, Na- 
tional Institute of Arthritis and Metabolic Diseases, 
NIH. 

Also in this period the Fa&oibgy IMvision sy^mali^ 

( ally studied the patholoc^y of radiation injuiy particu- 
larly of the gastrointestinal tract as a function of the 
dose of radiation. Later studies by B. Wil- 

lianasi MC, USN, 1955-60, on the quantitative effects 
of i^srfiiLtion on cell proliferation in the gastrointestinal 
fidji^ijit^ become ekdb^ ikmi^ms 
of ladfeition on mitosis, r^eneratio% and DNA syn- 
tiii^B^ tlie bowel. 

A dwi^^ilalyibi erf Ihe reports of the Joint Com- 
mission and of the Atomic Bomb Casualty Commission 
were undertaken and from these and studies on labora- 
tory atmnafe^e n<Sw^ tte^ tlM^ifl stdbd!^^ trf 
radiation syndromes were developed and later were 
incorporated into the USAEC's test on "Effects of 
Nuclear Weapons.'* It was shown for practical pur*- 
poses that one can divide radiation injuiy of man into 
three categories: (i) survival improbable, (ii) sur- 
vival possible, and (iii) sun'ival probable. Simple 
cHnical obser\ations determine in which category a 
patient probably belongs thus settinu; a basis for triage 
in the event of mass radiation casualties. It was fur- 
^mm sMvilmmm^if m WMM And e&ewhere 
that radiation syndromes in animals vary vvith the dose 
of radiation received and the time after exposure. 
Mmtmi^U^Ammei lad&ti^ of fbe ofi^ dtmmy 

thousands of roentC!;en units either to the head or to the 
whole body, a typical syndrome develops characterized 
by j^l^s and s^ptoms associated ^iSl i^e ceiftral 
nerx ons system and tlms was called the CNS syndi onie. 
This appears eiUier during or shortly after exposure 
and is uniforn% tel. ioSes cl r, 

a syniptornatoloi^y develops that is characterized b\- 
gastrointestinal symptoms which include a stable sur- 
vival time in mice of f 4 dmys^ and has hi gf^iteml a 

lOO percent mortality in all laboratoiy animals. In 
1953 and 1954, it was shown by Conrad et al. that ex- 
tensive administration of plasma and fluicEs to do^ 
with otherwise fatal gastrointestinal syndrome, would 
prolong life by preventing death from shock and thus 
aitew strilicient time for spontaneous regeneration of 
the bowel from the histological standpoint. This was 
the first demonstration of successful therapy of the 
gastrointestinal injury. The patliologic studies on 
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bowel regeneration were another extension of the col- 
laborative work commenced earlier with NIH. 

1^ ^ weM^m the MMt imm mt^ it 

wa$: clearly shown that the gastrointestinal symptoma- 
tolpgy is relatively fleeting and that the cause of death 
is relafgd i^&m^phsSk producing 
successively, increased susceptibility to infection that 
may have a fatal outcome within 1 to 2 weeks and later 
an hmtimmi ^ti^eptibility to spdfiliBi^^»^^ l^^sedltig. 
Thus in the lethal dose range the first cause of death 
may be infection and later exsanguinating hemorrhage 
or fatal hemorrhage into a vital CMt^gati. 
cation of the radiation syndrome produced by whoile 
body irradiation is in general use today. 

%Lt ^ffiology DiVMon evaluated the effect of radia- 
tion upon phagocytosis by the reticuloendothelial sys- 
tem utilizing the clearance rate of radioactive colloidal 
gold from the blood stream. At no time following 
total body X-radiation was the rate of remox al of 
radioactive gold from the circulation found to be sig- 
nificantly impaired and it was concluded that total 
body ionizing radiation mjury in Hit leihal mi^e does 
not influence significantly the capability of the RES 
system to phagocytize foreign material within the blood 
stream. This was the i^Ms^l miiiif m tfie effect of 
radiation upon the capability of the reticuloendothelial 
system to phagocytize. Subsequendy^, numerous 

^^er in wm^ Mmmm!^^ ^^m^mm the world 

have essentially confinned this original work. 

The Dental Division under Capt. James English, 
WSy extensively studied the t#ms df ioninng 

radiation upon developing teeth in rats and in swine. 
In addition^ studies upon the composition of saliva 
were aJso made. These s^dira have b^ome dashes 
in the field of the efifects of radiation on oral tissues. 

Among the oral manifestations of total body irradia- 
tion as ^ii in Nagasaki and Hiroshima patients was 
the presence of acute fulminating necrotizing gingivitis 
plus ulceration of the buccal mucosa. It was apparent 
that more bade hrformatfofi WSw tequired. Collabora- 
tive studies with the Hematology Division, NMRI, 
showed that in total body X-ray irradiated dogs, ulcer- 
ative gingivitis developed during the early stage of 
heniopoleiic depees^te) fieaching the fulminating stage 
as the animals became moribund 

The Bikini test trials presented an opportunity to 
observe the effects of high energy gamma ifiaidiiailion. 
These studies showed that the ameloblast was especially 
susceptible to injury, having a pronounced effect on 
&& dm^^k^ imi^ Kiii^igdi^ig^ ^tbin the foDk- 
ular sac was a common observation. 

The effects of bilaterally applied X-rays to the head 



and neck of dogs, in doses ranging from 1000 to 1750 
roentgens, yielded further valuable infomiation. Sali- 
vaj?f ^afid parenchyma showed evidence of s&mm 
injury, followed by bizarre changes in glandular cell 
architecture. Cell damage proved to be irreversible 
at higher dose levels. Dosimetry measurement indi- 
cated summation at the midline. 

The metabolism of exteriorized salivary glands in 

being especially noticeable in various enzyme systems. 

Field studies at Frenchman's Flats revealed that 
tm,nf4^M mmtt^heaame dangeromly radioactive 
afteir capture of thermal neutrons when released by 
Ijtuc^r explosions. Qutn^t studies art msv pi^- 
ress regarding the effi^t of iKiennal aM fast neutrons 
on oral tissues and dental restorations. 

A series of studies was performed on irradiated ani- 
mals in order to determine whether radiation was 
different from any other type of stress. It was clearly 
shown that radiation did not differ significantly from 
other t)pes of stresses, that adrenalectomy sensitizes 
animals to irradiation, and that there is a significant 
increase in excretion of 17-ketostcroids in the urine. 

The Pathology Division (Brown, Hardenbergh, and 
TuUis) systematically studied the ihfluaice irraiiiiat* 
tion upon the biochemical, cellular, and bacteriological 
content of thoracic duct lymph and blood in normal 

tion. The white blood cell concentration of Impyh 
dropped precipitously and attained minimum values 
widiin 4 hours after racfiation and remained at this 
low level throughout the period of observation extend- 
ing as long as 4 days after radiation. The cultures from 
biddd and lymph remainei ^e0p incQcating that 
phagocytosis was not impairied since the animals did 
develop known infections. 

In 1949 Operation GREENHOUSE was established 
as a joint Army-Navy-Air Force operation for the study 
of nuclear bomb effects. This turned out to be the 
operation iii which the first theitncttittcter boilrtb was 
exploded. Biomedical studies were a major part of 
the operation. Since the operation was to take place 
over a prolonged period of time and a laboratory ship 
had been found unsatisfactory at Operations CROSS- 
ROADS animal colonies and laboratories were built on 
Japtan Island at Eniwetok. These biomedical studies 
initiated a long and -profitable cooperative program 
between NMRI, Los Alamos Scientific Laboratory 
(LASL), U.S. Naval Radiological Defense Labora- 
tory (USNSXIIi), mi ^ WMm # md 

Medicine of the U.S. x\tomic Energ}' Commission 
(USAEC). The Operation GREENHOUSE bio- 
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medical program was a major undertaking in terms of 
personnel and money for each of the participating labo- 
ratories and involved the majority of the staff of the 
NMRI Atomic Medicine Division. The objectives of 
the radiobiological parts of the biomedical program 
were: (a) The determination of the LD50 of atomic 
bomb gamma radiation on large animals and on mice ; 
(b) the determination of whether the rapid dose rate 
was more or less effective than the ordinaiy dose rates 
used in the laboratory; (c) the relative biological ef- 
fectiveness of high energy gamma radiation; (d) the 

from the bombs; (e) the correlation of the pathology 
of radiation injury with the clinical course; (/) the 
quantitative heiatatol^gaf mtw^iaMm ttlttelle 
mortality; (fi) sophisticated fundamental studies when 
practical in the field; and ^/i) a long- term study of 
tihe 8ur#jrinf tifee^^to eife^ts and, m 

particular, dose effect liii^Onship with development of 
all types of cancer. Became of a general policy of the 
^JI3fSpaa^^ of Defense the studies on carcinogenesis 
Hvere not approved for NMRI. Accordingly, it was 
necessary to find a satisfactory laboratory to under- 
take these studies on the surviving mice. Fortunately, 
Jacob Furth of the Biolog>' Division, Oak Ridge, agreed 
to undertake this initial study. The objectives were 
clearly evident to the biomedical groups at NMRI, 
USNRDL, and LASL. In order to attain these ob- 
jectives numerous planning groups were formed and 
ultimately G. V. LeRoy was appointed as Director of 
the Biomedical Program directly f^jsjlonsible to the 
Task Force Commander. Primary responsibility for 
dilTcrcnt aspects of preparation were assigned to dif- 
ferent laboratories. The development of eqtipa^l 
for shieldine against gamma radiation was primarily 
a Los Alamos project, ^^^^^^^s on the requirements 

were performed primarily at USNRDL. Control stud- 
ies on the mortality of radiation for dogs, swine, and 

responsibility and through the Bureau of Medicine 
and Surgery organized BuMed Unit One which pro- 
ceeded to Eniwetok Atoll ani pariiclpeiBd in the 
huildinc: of laboratc^ic^s and animal facilities and the 
breeding of extensive colonies of LAF 1 mice^ swine, and 
<fegi "im the esfc^Biiimefttal sttife. Th^ subsequent 
operation of the colony was a joint XMRI and USN- 
RDL project. The mouse colony produced 16,000 
heal% hybrid LAF, rmmm&me for use at the specific 
wapons tests. The large animal colony produced 291 
dogs of t>he appropriate size and 300 swine for the tests 
on schedule. The total estimated cost of this formid- 



able task on a tiny island in the mid-Pacific for the fiscal 
years 1950 and 1951 was $3,320,000. The later highly 
successful studies on the biological efTects of radiation 
woidd have been impossible without the successful 
completion of NMRI's and USNRDL's mission in pro- 
viding the required number of aiiimab of daiired ag0 
and size on specific dates. 

The animal exposure equipment was designed and 
in part built at NMRI in order to protect anim^ 
against the thermal blast, and secondaiy missile efTects 
for the study of radiation injury. This part of the 
program under Draegei*« Ar^M^ was highly sm- 
cessful. All equipment operated satisfactorily, at- 
tained the aims, and also protected the animals against 
the ImtS^ m^iims^tM em^Mmis of f^e ^mfpicsi 

sun. Depth dose studies in tissue equivalent phantoms 
were carried out at NMRI under the direction of 
UOTadr. W. H. ^am%ers, iilG, t:RSff. Ife initial 
partial success fonned the basis for further more 
refined and sophisUcated studies during field tests 
fii Kfevafe by Chambers and his radiation tech- 
nology group. The results obtained at Operation 
GREENHOUSE were manifold of which perhaps the 
most significant attainment was the demonstration 
that competitive large laboratories such as NMRI, 
USNRDL, and LASL could work in harmonious and 
fruitful collaboration in the field, many thousands of 
miles away from base operations. The concrete scien- 
tific accomplishments were: (a) Establishment of the 
LD50 of atomic bomb gamma radiation for mice, dogs, 
md swine; (6) The hifrh ^m^l^B^of atomic bomb's 
gamma radiation was shown not to be signficantly 
dilTercnt in biologic eflect than the ordinary dose rates 
in the laboratory ; ^ A fiirsiesiimilt^ ialfee rela- 
tive biological effectiveness of the fast neutrons was 
obtained primarily by the Los Alamos scientific group 
aitd effects upon spleen^^^'si 

not to be in excess of 2; (d) It was clearly demon- 
strated that hemorrhage and infection were the major 
mmm ^ ^m^ te letfial dose range in swine and 
dogs; f^') The granulocyte count was shown to be a 
very useful sign to prognosticate the probability of 
survivors. Sii!i^&Ki%p^ platelets w^e is^Iso foufid to have 
a clear progno&db value : (/) The role of the thrombo- 
cytopenia was dt&srly demonstrated as being of major 
importance in determination of the-issiEtiife 
bleeding; f.^) Witli the clear establishment of the 
major causes of death in the lethal dose range, studies 
m iS^tfiispf of injtiiy Wteip^Mearly pinpointed 

to evaluation of the role of platelet transfusions, leu- 
kocyte transfusions, and antibiotics. 
Prior to concentration of efforts for Operation 
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GREENHOUSE by the Hcmatolog\' DiviSon.^ the 
p^lfl^ of radiation hemorrhage was attai^biAf It 

accepted that radiation hemorrliagc was primarily due 
to "heparinemia" and secondarily due to thrombo- 
pettik. Whareas this concept was accepted at Opera- 
tion CROSSROADS further studies at NMRI led to 
tjh^ beli^ that "heparinemia'' rarely if ever developed 
in tfce iihraJSst*^ ibg. c»*ef NAT© 

nations were contemplating stockpiling of antiheparin 
drugs, a comprehensive attack on heparinemia was 
commenced. In this study an officer of the Royal 
ISapiy Medical Corps participated, Maj. R. T. Lundig^ 
in part along with G. V. LeRoy. The heparinemia 
concept was shown to be incorrect and antiheparin 
agents to be of no elinieal value in dogs. Thus eflorts 
on the study of the thrombopcnia were intensified. 

In 1949 it was recognized that a reliable method 
for plaielet counting was needed befow wm: could 
study reliably the n^lationship of platelets to bleeding. 
In conjunction with Brecher of NIH, a method for 
ennonemtion of platelets in^!#fif iarife piias^^^^ 
trast microscopy and a new anticoagulant was devet? 
oped which has become a widespread platelet countiE^ 
inetfiod thioughout the world today; 

While the bulk of the radiobiology stafT of NMRI 
was at Eniwetok for Operation GREENHOUSE, a 
tfrfili part erf tifc Ifematblogy Divi^on continued 
studies on the nature of radiation hemorrhage. It was 
clearly established that the tendency to bleed in irradi- 
ated animals was correlated wiA ifta? ilifettsnfeeicytD- 
penia and that all in vitro coagulation tests could be 
brought to jiprmality by the addition of separated 
platek^ 

Upon return of the Hematology Division to NMRI 
and upon completion of the Operation GREEN- 
HOUSE reports, the endeavors were aimed at estab- 
lishing an effective therapy of radiation injury. It 
appeared logical that platelet transfusion, leukocyte 
transfusions, and antibiotics would be effective against 
radiation injun*. The first aim was the de\elo])inerit 
of methods for platt^let transfusions. First, and again 
in conjimction with Brecher of NIH, a method for the 
satisfactory separation of platelets was accomplished. 
Parenthetically, this method with minor changes is still 
in use in clinical medicine for platelet transfusions 
today; tei»ifdj Aie (^Smi^mm& ti^EWltiitei ^ 

fresh platelets into irradiated animals at levels of radia- 
tion known to produce 100 percent bleeding was 
evaSiiated. II: we» mmlv^miy d^EBCMS^hra^ed &mi 
platelet transfusions would prevent the development of 
bleeding in animals provided a platelet count be main- 



tained above about 50,000 per cubic millimeter. Fur- 
thermore it was shown that platelet transfusions could 
wmf Bli^^ AiSKt had mk^^df rnrnmrnmi* Tfeiir was 

the first clear-cut demonstration of the unequivocal 
role of the platelet in the pathogenesis and the preven- 
tion of radlalion MeedBng; 

During this same time period collaborative studies 
with K. M, Brinkhous^ University of North Carolina, 

not involved in radiation hemorrhage thus show in in 
a basic study that AHF is not produced by l^mphoc) tic 
tissues since the studies were performed wMlte flife lym- 
phocytic tissue was aplastic. Studies in collaboration 
with L. M. Tocantins, JeffeTSpu Medical College, on 
plasma antithromboplastin were commenced and 
shown to be increased. 

Next, methods for the separaiinu of granulocytes 
from fresh canine blood were also developed in col- 
klidiiaii^ Irecher, NIH. It was shown that 
the transfusion of freshly separated granulocytes into 
irradiated dogs would reverse the histologic picture. 

Ittm wm^kmA j^tmimfm M^^al^ to M^bi^ infec- 
tion and successfully prev^ented the widespread dis- 
semination of bacteria. However, the animals would 
then die from extensive hemorrhage. The studies on 
platelet and granulocyte transfusions clearly demon- 
strated the essential role of these circulating cellular 
bodies in tl^ patfidgeifii^& of radiation heiifflt^^ 
infection but unfortunately were not successful thera- 
peutically because the levels of irradiation were inade- 
qiiiBi^ ttjveompletely suppress the immune responses and 
gfter 2 to 3 weeks antiplatelet and antigranulocyte 
Stthstances were produced making it i^ipgissible to con- 
tinue to maintain satisfactory levels of plaints or 
granulocytes; thus the animals died. Preliminary 
studies on the combined use of fresh blood and anti- 
biotics suggested that these would be of value in in- 
^^®»iing the sin viva 1 rate of otherwise fatally irradiated 
animals. This has subsequently been thoroughly dem- 
onstrated in many other laboratories. 

The studies perfonned elsewhere had shown that 
the original Jacohsen (Uni\ersity of Chicago) con- 
cept of humoral protection against irradiation by 
iptenle i(^^i£lsiifiS was not c^tt^ and that bone 
marrow or spleen cell suspensions protected by trans- 
plantation of a stem cell that repopulated the depleted 
h&m tmsmm. At this time an mk/mmn of i^e col- 
laborative work with NIH involved a study of the in- 
fluence of parabiosis upon suwival of irradiated rats. 
"Pmahkm^ vms inidiii^ Irra^^n sM dfily 

one parabiont was given a fatal dose while the other 
was lead shielded. The protection was dramatic and 
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significantly proved that the protective cell or "humor" 

whei^; conclusively proved the protection to arise from 
stem cells that can be concentrated from normal blood. 
The survivmg parabiotic pfotected isats were studied. 
These animals had been protected from ail otherwise 
fatal dose. A striking induction of cancer other than 
leukemia v^as observed. 

In order to study further the biological effects of 
gamma radiation imder laboratory-controlled condi- 
tions, the Atomic Medical Division under Draeger, de- 
signed and completed in 1952 a 1000 curie cobalt-60 
irradiator. This source was unique in that an animal 
as large as a swine could be exposed to uniform ganmia 
rays from a 4^ solid angle. Installed in a specially- 
buih structure, the cobalt was transferred between two 
shielded rooms to form a cyUndrical pattern around 

was replaced to increase the source to 2500 curies. 
Many biological specimens, animals, materials, and 
;i^nical patients have been exposed in this gamma ray 

generator. 

In continuing field tests that were being planned for 
Nevada #ra^ i^^Nsre^ evlcl^]^ tvm ^iMngs tfis^ needed 
to be studied further. First, the problems of dosimetry 
initiated at Operation GREENHOUSE by the NMRI 
group t^tkttiMm niefeded m be ^iti^^ aftd 
confirmed. In Operation BUSTER th^ Bi^iation 
Technology Division clearly established the depth dose 
eufve itrf M^trife bomb gamma radiation in tissue 
equivalent phantoms. In laboratory studies it was 
iclcarly shown that this depth dose pattern could be 
simulated by the 10-Mev betatron at the Naval Ord- 
nance Laboraton ( NOL ) . At Operation UPSHOT- 
KNOTHOLE in 1953 the atomic bomb gamma radia- 
tion and depth dose from fallout was studied by 
NMRI's Radiation Technology Division. This now 
classic picture of the flat depth dose curve in a fallout 
field was established and is commonplace in texts 
today. This is of particular significance because at 
the time of Operation UPSHOT-KNOTHOLE there 
was no clear appreciation that fallout was to become 
later a significant hazard to human heb^ ^^lum- l3m 
accident of Operation CASTLE in 1954 had not yet 
happened. It is of interest to record the conclusions 
of the Radiation t%ciiafiBJogy Group in 1953. **The 
depth dose cur\e of the high enerc^* component in 
the case of a fallout area 3.5 miles from ground zero 
show s a more unifom di^^lHltion of dose threix^^Msut 
the phantom than does the depth dos(^ rui-ve (obtained 
^rom the initial radiation. Therefore, the elTects of 
a given dose erf radiation from a residual field could 



be more serious than those from the initial radiation 
because 6f (a) ii^ ri^l^ve uniformity of iSke 
of radiation which produces a more uniform dose 
Uiroughout a man's body, and {b) the additional pres- 
ence of the tekd^ afeoAesd radiation.- * In addition 
to the establishment of the flat depth dose curve from 
a fallout field beta/gamma ratios were also presented. 
The preceding is a distinct example of the forward 
thinking in planning and making physical measure- 
ments of biological importance before the establish- 
ment of a real bioloc^ical problem by experience or 
accident. 

In Operation TUMBLER-SNAPPER there was 
again a fruitful collaboration between NMRI and 
USNRDL aimed towards establishing ^ illa- 

tive biolojn^ical efTcctiveness of the neutron component 
of fission bombs. This was successfully accomplished 

tion, fot l8ie first time, the peculiar neutron induced 
3- to iMfe^ death of mice, was established. In addi- 
tion, dtitinf Opem#^ ttJMfiliJit.SNAPPER bio- 
logical studies on mice demonstrated the presence of 
an as yet unknown high flux of neutrons that could be 
a casualty producing agent to troops in the field. This 
was shown prior to physical measui < iit md com- 
putations in conjunction with the testing of this 
experimental tacticM vmLpm. empbaisb^ i3at 

significant contribution of biological studies to the 
understanding of weapons effects. The mouse is a 
superb integrating radiation dosimeter under certain 
condidons. 

In early 1952 the USAEG was planning a series of 
experimental and test explosions in which a major 
effort would be devoted to making studies pertini^t td 
civil defense. The USAEG requested the Department 
of the Navy to pennit Gomdr. E. P. Cronkite, MC, 
USN, of NMRI to be ^ pSiB^pm^ Mmctor for the 
biological prop^rams and to organize a collaborative 
study between NMRI, USNRDL, Oak Ridge National 
Laboratory, LASL, Lovelace Foundation, and variotts 
universities that desired to participrilt^ in basic scien- 
tific radiobiologic studies and in the evaluation of the 
lilSBC prototype ihelie^ to protection against 

blast, thermal, and ionizinc^ radiation. A comprehen- 
sive program of basic and applied nature was formu- 
lated and saBdiSX^My executed and reported. The 
radiobiologic studies performt^d jointly by NMRI and 
USNRDL showed that the prototype shelters were ex- 
tse^S^^tf f6M$d d^^^ s^llhst gamma rays and neu- 
trons. The other objectives of field testing listed earl- 
ier with the exception of the depth dose pattern of 
fast £^on neutrons w^ repeated wi0i ^ same re- 
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suits. This field atomic bomb study clearly proved 
the feasibility of civilian laboratories and university 
scientists working under a military direction in relditive 
harmony and with definite accomplishments. 

Before and during Operation UPSHOT-KNOT- 
HOLE the Oak Ridge gi^up had devek^piid li^ m^bttidd 
of measuring neutron flux and energy fey fission foil 
detectors. In 1955, utilizing the NMBJ gamma de- 
tectors and the Oak Ridge fii^n Ml deie@t@r») dm 
NMRI group under G. Tmirie and the Brookhaven 
National Laboratory group under V. P. Bond studied 
the G^ftiapimtive neutron aiii gstfnma d<^^ 4mt pat* 
terns. These studies were highly successful and proved 
that gamma and neutron radiation cannot be added 
rad for rad, mtrnMA^I^^ MMntiMs h^m^ 
meaningful dose because the neutron depth dose curve 
lalls off much more rapidly than gamma depth dose 
cttt^j thus indicating that per rad fast neutrons prob- 
ably are not as lethal as penetrating gamma rays. 

Qjjeratiqaa CASTIJB |1954) was designed as a full 
«cale test of thermdnudear devices. There was no 
planned biological program by NMRI. On 1 March 
1954, following the detonation of a 15 megaton experi- 
mental device at ground level an unexpected change 
in#te IVind pattetia fiSifited in the deposition of large 
amounts of fallout upon atolls inhabited by the Mar- 
shallese, American servicemen operating a weather 
station, upon the task foree^ mnd upon a Japanese 
fishing vessel, the Lucky Dragon. 

The task force was able to wash down satisfactorily 
mi p&mmsi aboard rec^ved no ^pl^i^ isidti^ 
injury. However the Marshallese and American 
servicemen were eaggic^d to potentially dangerous 
mL^mm fisdUsi& iri^ ^fallout before they were 
evaoilii^ hy plane 

1%e task force commander requested assistance from 
the IJIAEC for care and study of the irradiated indi- 
^^dtiM*. Tt%i5 t»a^B(^ Divi^ Biology and 
Medicine of the USAEC, J. Bugher, turned to the 
NMRI and requested through the Smgeon General 
that Cronkite, be appointed as officer in charge and 
that he organiase U m^^dijml team tmn the expeirienced 
personnel of the U.S. Navy. This study became again 
a joint NMRI-USNRDL project with Bond as assist- 
ant project officer* represwiting USNRDL. Within 
48 hours a team a3$cin^ consisting of expe- 

a. 28 American Servicemen about 60 rads. 

b. 64 Marshallese about 175 rads. 

c. 18 Marshallese about 70 rads. 

d. 157 Marshallese about 20 rads. 



rienced M.D.'s, Ph. D.'s, radiation physicists, and tech- 
nicians. The equipment was crated and airlifted to 
Kwajalein Naval Air Station to w hich the individuals 
had been evacuated. The clinical and hematological 
studies performed upon these indi\ iduals clearly estab- 
WSLmi jbg ^m^tomstology in human beings after an 
exposure of radiation approximately at the level of 
175 rad. The sequence of events in the development 
idFfae^ dcki Imipiib <l@HSinB^e»le^ k slow a^i^i^c 
study. The development of granulocytopenia, lym- 
phopenia, and thrombocytopenia was clearly estab- 
Ished and shown to be Mi^^mS>f ^&fem ^mm4m 
in experimental animals after comjxirable doses of 
radiation. The conservadve management long rec- 
fiflnmiSild^ fey #t§ ¥CMfiftt group was cfearly iSmm 

to be the treatment of choice. The cardinal princi- 
ples of management of radiation injury were estab- 
Mied as me^eulom Wstoty and cHfiical atantritia^n 
with attention to preexisting chronic infections, labora- 
tory stujdyy^ tQ lastimate degree of bone marrow sup- 
pr^ion mA to avdkl all therapy until something is 
clinically indicated. The exposed individuals experi- 
enced a severe epidemic of upper respiratory infection 
which also involved the staff and nonirradiated indi- 
viduals thus demonstrating that jDrophylactic treat- 
ment of irradiated human beings by antibiotics is not 
necessary. 

The conservative cliniGal management of the above 

individuals, in face of pressure to institute transfusions 
and antibiotic prophylaxis, as tlie granulocyte and 

f^ii^ msam im^&mmi m Mi^ moilmd in iM now 

generally accepted policy of observe and wait for 
cUnical indications for treatment that has subsequently 

be^ foU&mii ki im^lbmt mS^i^^ mMsm^, 

In addition to the above clinical studies an oppor- 
tunity for the study of internal contamination existed. 
The expcsed people had lived, breamed, and eaten 
in a highly contaminated en\ironment for over 48 
iiours. The degree of internal contamination of the 
l^eople and anmials was measured prfeaarily hy ffie 
USNRDL group. The studies pointed out, under the 
conditions that existed (breathing, ingesting, and living 
in a contaminated area) that the magnitude of ex- 
posure from external radiation greatly outweighed 
the magnitude of the internal Gontaminatioii* In f«^t 
the fofiner might well temfi lethal levels wheieM Ihe 
latter by itself would produce little if any injuiy. 

The body burdens of the various radionuclides were 
established and the studies were begun on biological 
turnover rates. The studies were continued by Broofe 
haven National Laboratories. 

In 1955 and 1956 there were continuing field 
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studies in Nevada in which the Radiation Technology 
atQ^ pathology Divisions participated to complete the 

Operations CROSSROADS and GREENHOUSE. 

Upon the establishment of the International Mora- 
loriiBXi §^ ti^dng df imd^ weapons experimental 
field work obviously terminated. The remaining 
problems of military importance in respect to radiobi- 
ology and radiation dosimetry clearly needed sophisti- 
cated experimental tools not available at NMRI. For 
this purpose radiation facilities (cyclotron and other 
devices) were approved for installation at USNRDL 
jemd a new laboratory was conceived, the Armed Forc^ 
Radiobiology Research Institute (AFRRI) . The new 
laboratory would have not only a "flash" reactor but 

mimic the neutron gamma spectra of different nuclear 
weapons and thus evaluate their effectiveness as radia- 
lly m^^mmm^ ym^me^ 
The setkms sdeatifie study of mdktion ^eets upon 



man and mammals for the naval service commenced at 
NMRI in 1945. The radiation biology program con- 
of basit studied OEi fi^Mm, ^^fkmmimmms^ 
fgtdiation dosimetry, and the management of radia- 
tij^n injury. The laboratory program was always dove- 
tafled with field studies at the Nevada and Pacific 
Proving Grounds aimed at the solution of military 
problems. The coherent laboratory and field research 
program attained its fullest appreciation just when the 
Navy, through NMRI, was requested to imdertake 
the scientific direction of biomedical programs of 
Operation UPSHOT-KNOTHOLE for the Civil Ef- 
fects Groups of the USABG and s^oiiid wh^ the Navy 
again through NMRI was requested to take the re- 
sponsibility for the care and study of human beings 
md$etmMfmpm&& m Mkmk m4Mion at die Pacific 
Proving Grounds. With the establishment of AFRRI 
the radiobiological program of NMRI was phased out 
i^f^m^ mnA mpmsibility iar its cimthmtim as* 
sumed by AFRHland USNRDL. 
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IV AVIATION MEDICINE 

H. G. Wagner 



During World War II, aviation medicine was one 
of the first identified work areas at NMRI. There 
were 'k mfmd of aeromedical prdblans fac^ 1^ fii^^ 

operating" forces. This brief review will attempt to 
discuss some of the more pertinent investigations. Due 

selective. More than 100 reports of completed re- 
search have been published on such diverse subjects as 
the dcvel€>j»isR% ai«i ^evsdtiailim of perional-mm^vaJ 
equipment, mechanical-safety equipment, vision and 
retinal burns, training and performance of pilot under 
Stress altirttliohs, hyposda, oxygen equipment, tratn^ 
'm<x in technicjues of utilization of oxygen equipment, 
carbon monoxide problems, high altitude and decom- 
pression problems afflfe^ng aviators, and noise and 
vibration. Only a few sample references will be given. 

One of the principal work areas was the development 
said evaluation of equipment which would enabte 
aViatidn personnel to have the maximum chance of sur- 
vival should they be forced down at sea during their 
flight mission. Ballon-type locators and markers for 
use by personnel were evaluated as were various types 
of protective clothing and survival packets for use dur- 
ing the ordeal at sea. Armored jackets for use by avia- 
tbn persQnn^^l were slm evaluated as to feasibility a^d 
use. 

Various configurations of flight o:oggles were eval- 
uated in an attempt to eliminaK logging, improve 
vision, and increase visibility under different atmos- 
pheric conditions. Investigations were made in the 
use of oxygen equipment, particularly under condi- 
tions of stress such as in evacuation of submerged air- 
craft. The number of ditchings and forced landings 
^ which the airci^ ritker Mto^f^ ot 

flipped on its back, required that investigations be 
^de in this area and recommendations made as to 



the type of system and pilot technique to be used in 
such situations. Many of these techniques are still 
rnxmitiy in um M ^^ m^iUkm mteeded 12,000 
feet altitude the importance of adequate oxygen sup- 
ply to crewmen became critical. Face masks were 
evaluatied mA ^eloped to mmm &m # ade- 
quate freedom of movement, without interfering with 
his goggles (hence vision) and with a minimum of 
kaka^. l^m cdtf l^mf is^e, but masks and sus- 
pensions in use by sist(T sen-ices and Allied foices 
were tested and modified. Techniques for cleaning 
and sterilizing these masks vmt^ d^^fep«i attd for- 
warded to the operating forces. Simulated bailout 
jumps and practice descents from altitudes of up to 
3S,Gij0 tiaWg mdiJffi^^ teething procedures wete 
carried out in the low pressure chamber. This was 
done to evaluate the feasibility of evacuating aircraft 
without the use of special bailout bottles. This study 
was not confined to the laboratory, hut was also made 
under actual flight conditions. Diluter demand oxygen 
regulators were evaluated operationally in cooperation 
with the Tacriral Test Section at Naval Air Station 
(NAS), Patuxent River. Comparisons between this 
system and other systems for transport-type aircraft 
were field tested on o\ erseas flights from Patuxent 
River to Port Lyautey, North Africa. A constant flow- 
reservoir (rehreather bag) was evaluated both under 
laboratory and actual flight conditions as a means of 
determining the minimal oxygen flow delivered to the 
mask which would be required to produce adequate 
^oxygenation. 

Also of prime imj:)ortance and consideration was 
the problem of carbon monoxide (CO). It was rec- 
^ff^^ iSs^t i^dfi^ ead^siusts or leaks in the firewall 

could permit accumulation of this toxic gas in the cock- 
pit from the aircraft's engine exhaust. The rate of 
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blood absorption of various concentrations of CO and 
its effects on performance of personnel at altitudes of 
10,000 feet and higher were of vital interest. Results 
of these findings were forwarded to the fleet for in- 
corporation into safety directives. Not only were avia- 
lSxm personnel exposed to the hazards of GO while 
flying, but also when aboard carriers during warmup 
and launch of aircraft. To determine the concentra- 
tion in these areas, a series of studies was nm^-M tSi 
maximum time of warmup allowable for the type of 
aircraft and wind direction. Through the use of spe- 
cial devices and simtl^ti^ l^^elllf^ pmm^B 
chamber and Link trainer, psychological and physio- 
logical reactions of subjects were evaluated under vari- 
^0«aiiepee^xrf^sfe^ These studies indhieOTie eiffeets 
of carbon monoxide on critical flicker fusion frequency, 
changes in body sway as measured by an ataxigraph, 
and also the eflfects of inspiration of low oxygen-hij^ 
nitrogen mixtures. Of considerable interest was tlie 
effect of drugs and alcohol on the sensory-motor 

use of the Link trainer (532) . 

In an effort to improve conditions in simulated in- 
strument flight instruction and at the same time im- 
prove safety while flying, several "blind-flpiig fc||s" 
v^(^§ jSffluated. An inc^inpajiibility bi^ame apparent 
ini the tifue-orange system of «tet!ila^g instrument 
flight. With the blue goggles on, the pilot found it 
extremely difficult to read and interpret some instru- 
ments such as radarscopes, etc., which depended on 
iQHf ^i^^i^ip^th persisting phosphors. Initially, mf^ 
WbI devices including a duckbill visor baseball cap, 
Venetian blinds, and near focus lenses were tested. 
Each of the devices tested pr^ented a number ®l 
ficiencies. As a result, a new system of panels and 
a cap with movable visor was developed (41), which 
did meet the establi^d ttimis., Th^ ig^ffllf 
and serious injury rate in high-speed aircraft em- 
phasized the need for more adequate personnel pro- 
tection during l3m extreme deai^^a#ii^ fefc^s tviiSeh 
occur in crashes and arrested landings of the type ex- 
perienced aboard carriers. The cha.racteristics of these 
f&rtm iittpdsid on tlie hmnan body duriiag liecderat^ 
were studied by means of instrumented manikins in op- 
erational aircraft actually crashed under closely simu- 
lated flight ccmdftSons. A dtioppii ^^ce ^ms coii- 
structed to provide laboratory simulation of rapid 
decelerative forces on subjects wearing seat belts 
and shoulder harness. Strain gage instrumentation 
and high-speed motion picture techniques per- 
mitted the study of reactions pf the human body 
to various forces^ Recomnie^dafcBs were made rel- 



ative to the design and incorporation of safety de- 
vices and cockpit configurations. Development test 
and c\ aluation of various types of safety belts and 
shoulder harnesses were made in order to improve the 
restraining gear for aircraft pilots (113, 114, 115, 116, 
117,118,119,120,701). 

Through anthropometric techniques, measurements 
of aircrew and aircrew spaces were made in various 
types of edmbat aircraft to dfetterniine-ftti 
movement necessary for satisfactory performance. A 
somewhat similar study involved the determination of 
bmMite^ i#^ximum area for operaeti^ df Manual 
controls by the pilot (915, 918, 1674). 

In an attempt to further decrease the accident rate 
in naval aviation, the dlti@F€fittBi m^&m^ iiabilitf 
among naval flight personnel was investigated (1235). 
Previous studies in industry indicated that in any givcfn 
group some individuals contribute dispropoifitHiately 
to the total number of accidents. Through the use 
of "peer ratings^" pilots evaluated other members of 
^r squadrotts liotfe si to ^^tm~ mi ^M. Mm 
studied was the pilot's attitude toward various aspects 
of naval aviation, his subjective evaluation of flight 
safety procedures, and his galvanic skin response as he 
discussed statements concerning these same items of 
flight safetj^. Qxk th§ b^is^pf this study, the use of peer 
ratings as a means of esySMfng criteria of diflfer- 
ential accident liability was recommended. Further, 
all variables studied were shown to be effective pre- 
dictors of both the flight safety and skill criteria. 

Shortly after World War II, furtJxer airborne investi- 
gations in aviation medicine were carried out under 
Project RAM (Research in Aviation Medicine) . This 
project provided a flying laboratory in the form of a 
specially modified C-54 (R5D) and a flight crew. 
Although bcised at the NAS Anacostia, and receiving 
p^^p^ direction from Office of Naval BlsiiyA 
(ONR), it became an intimate part of the aviation 
program of NMRI until it was dissolved in 1961. In- 
itially, it unte^i^ limiti^iites m faui^t^ Mmm^ 
affecting operational performance. This was later 
modified to include transmission of physiological re- 
sponses from air to ground by electronic metiiods. 
Rapid developments enabled personnel engaged in 
this area to design, develop, and evaluate equipment 
for telemetering |^if^k^M pmmmm: In i934> 
the objectives set forth had been achieved to the ex- 
tent that the first physiological data telemetered in 
#te a@iaitry item a pt\m M m 'Am& m^mmA sta- 
tion was accomplished by personnel from NMRI. 
Among the parameters telemetered were continuous 
reaG0fc6 of the heart (EKG), brain (EEG) , respira- 
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tion, and temperature. Project RAM and the Avia- 
tion Medicine Division of the Institute participated 
in each of the Stiato-Lab balloon flights (stratospheric 
balloon flights carried out by ONR) . These flights 
1 were inaugurated to study the atmospheric conditions 
I lit mty hig^ altitude 'os well as the phmma&m be^ms^> 
Need for adequate biomedical safety measures was rec- 
ognized at the outset and monitoring of the well-being 
of the Strat04ji& Q^upaoln was a ©oin^ant feature of 
each flight. On one occasion, a flight surgeon noting 
an unusual condition in the telemetered oxygen system 
contrc^ dii^S^tf to descend. Fortunately, 

the crew in the gondola reached a ]e\'(*l low enough 
to breathe without their oxygen masks, for then* supply 

faulty regulator. Refinements ^ liter flights per- 
mitted telemetry of data from an open basket gondola 
to ground control and then transmission via telephone 
jbnid lines to NMRI. Further advances pemiittcd the 
transmission for the first time of pulse rate and heart 
beat via television from an airborne vehicle. 

Research in the possibility of long-range transmis- 
sion of physiological data was begun with an electro- 
cardiogram recorded on magnetic tape successfully 
mi&ssi^U^ htm M Italy, to the N&val Radio 
Station, Cheltenham, Md.. via low frequency radio 
and then to NMRI. The quality of transmission was 

made on ffae bsisis ol th^ tiansiidtti^ dtsi^OCardk^ 
grams. 

The following year, EKG*8 of patients at Tripler 

General Hospital, in Hawaii were transmitted by cable 
to San Francisco^ then by telephone line to Mont- 
0imt>f^ ^wlttSS^ a f«ti^ cardiofeg^ ait tiife 

Atomedics Symposium made initial diagnosis. EKG's 
were transmitted from the U.S.S. Franklin D. Roose- 
veit at aaichbr iii Athens, Greece, via single-sideban<i 
radio and were then relayed via phone patch to the 
laboratory at NMRL Further research and refine- 
tiients in multiple-chaitnef cajMtbility permitted 
physiological data from a crew member to be trans- 
mitted via single sideband radio on two flight legs 
from NAS, Anacostia to NAS, Key West, and from 
NAS, Key West to San Juan, Puerto Rico. Three 
EK&s. one through each axis of the heart, and a 
respiration pattern were transmitted. The following 
day the same parameters, on a diflferent subject, were 
successfully transmitted from the Naval Conununiear 
tion Station, Balboa, Canal Zone. 

On May 4, 1961, Strali>*L^ V was laimched frtm 
the deck of the U.S.S. Antietaryi in the Gulf of Mexico. 
The occupants of the open gondola were instrumented 



for telemetering a variety of physiological data in- 
cluding EEC's, EKG, rectal temperature, and respira- 
tion. These data were automatically recorded and 
transmitted directly to monitoring personnel both 
aboaid the carrier and in tracking aircraft. In addi- 
tion to the ^fricdiigkal data, environmental infonna- 
tion was also transmitted. The value of telemetric 
monitoring was demonstrated when it was noted that 
the f^mip^aks temperature qwiiiib&dble cm one 
of the crew and he was notified to correct it. Failure 
of the faceplate and implosion at the altitude would 
have meant alxnost instant dealit. Hie bigffl^QRti, a 
10,000,000-cubic foot aerostat, reached an altitude of 
approximately 113j,500 feet thereby estabhshing a 

mmi &p m^^vmi t^iick^ fll^ii^ 

firsts include: the largest balloon ever lot mi^iuied 
flight, the first manned balloon ascent from the deck of 
a carrier, and the highest ascent by man in an open 

gondola. Unfortunately the flight was not without 
incident, as Lt. Comdr. V. A. Prather, MC, USN, 
member of the balloon crew and a flight surgeon 
attached to NMRI, lost Ms life by dixiwiiijag diirmg 
recovery operations. 

Another contribution to the development of telem- 
etry systems was the actuation of a warning device 
by a change in pulse rate. Limits on pulse rate would 
act as the actuator for sensory stimulating devices 
Vi^ch would warn of imp^tdii^ ^sio^dmc s^ss. A 
single EKG utilizing subminiature components was 
designed, developed, and successfully utilized as was 
a six^parameter field pack bloinsmimeiita^oii system 
for use in field o|x?rations. 

In 1958, instrumentation of a monkey for space 
was <$arriid mt h m&pm&m iiMi ife Ili^I 
School of Aviation Medicine. The physiological data 
transmitted from the nose cone were received and 
iiiiiieHlcM^ teboratory. f he nose mms 

ti: j|aj|jitlie :ViHis not recovered : however, data re- 
corded were available for scientific evaluation. 

The advent of carrier-based aiiGraft powered by 
jet ei^^^ jmf&mlmStf ^sm afterburners gave 
rise to the question of potential hearing loss hazards 
to flight deck personnel. Since excessive noise is 
irritating, fatiguing, deafening, mSi hi ^ssm&m mMi 
may produce outright injury, a noise level survey was 
carried out aboard the U.S.S. Coral Sea during routine 
refresher maneuvers (644) . Observations were made 
of noise levels at a number ofNfflpirt pc^^^-^^lt^ 
various ship spaces. A result of this survey includied 
recommendations relative to personnel protectioi^ 
modihcation of operating procedures, communication 
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equipment and procedures, and serious consideration 
of this problem in future ship design. 

the past, interfered with attempts to correlate the 
theories of light scattering with measurements of sky 
li«iptn^. Further^ W^ite^ itopirti li^^ 
id^S, itt the lower atmosphere incident to changes in 
a]]dtU<ie had been available. Equipment was devel- 
cpefl^ built, ^nd installed in ^ RAiSJT mtimiit that 
wDlild record brightness as fast as the aircraft could 
be floiivn through prescribed patterns at designated 
altitudes. Information was obtained on the measured 
brightness of the zenith, the nadir, and of points sepa- 
rated by 15 degrees of arc. The initial study reported 
&m Wi itep otf^. Stib^uirif fejJbftS d^dil?* 
strated the effects of cloudy conditions on atmospherics 
brightness and indicated its extent and nature below 
cili^l# fbrmations and the similarity between clear 
weather sky brightne^^^d dty brighttiess sibjDve etoud 

mmm^M (37^,38),. 

Whds h tncresm sAty 6f aircraft landings, pat^ 
ticularly in conditions of low visibility, have centered 
largely in the development and utilization of electronic 
devices and high intensity approach lights. These de- 



vices have been very effective in reducing the hazards 
of such low visibility approaches. However, the final 
traintislQ^ l# landing must be made visually and 
minimums are established below which the pilot may 
not go. 

'Om di i^!}mm^&cmg air crewineai lil a^Ni^^imc 
war is retinal burn. Useful vision can be destroyed 
at distances far beyond the limits where thermal ra- 
diation wlfed^^^a^E^^fati^s^. Hifelsbeeatisethe eye 
images the explosion on the retina thus concentrating 
the energy in such a way as to coagulate tissues. An 
evaluation of the hazard of injury and possible pro- 
tective measures would be of some assistance to anj 
important Navy problem. The Institute has been 
jip^ig Si mm^ m tM ft^^ttlieadg^ gfsrf fac- 
tional disorder that will accompany this type of injury. 

A new device of great potential value to the military 
fe #16 operations Laser. This also will cause a retinal 
burn if directed si^inst the eye. The phenomena are 
dififereiyt m mmm respects from thermal iajmes result- 
Isf^fttmnfUefe^rw^ explosions. *FheiJtnderstand- 
ing of the hazards of Lasers is an important biomedical 
concern. The research on retinal burns is being con- 
ducted with particular attention to Laser- type injuries. 
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V BIOPHYSICS 

D. E . Goldman 



Problems im^olving mechanical, acoustical, elec- 
tromagnetic, and other physical forces in biolog\ and 
medicine are of great importance to the Navy. How- 
ever, little was done in this area at the Naval Medical 
Ri^arch Institute during World War II, partly be- 
cause of the competition of other needs anci partly 
because these problems were in an embryonic state. 
One study was carried out on blast injury I© «9i^ri- 
mental animals (326) and one on the effects of impact 
resulting from underwater explosions (403) . Toward 
the end of war il^ s^v^t '^f jet^ ^lire^t^ iogedier 
with other machinery of great power capacity, aroused 
concern as to the effects of mechanical forces on per- 

high-]:)o\vered planes. This led to studies on vibration, 
noise, ultrasound, and impact. The work on impact 

In \'ie\\ of the scanty knowledge on the biological 
effects of mechanical forces, it has been necessary to 
caa*y m^t consfdemf^Ie hmic tesfS2(xth, M jciat pro- 
gram was established with the Naval Research Labora- 
tory (NRL) which led to the construction of a special 
vife«fi©i0^ iidicieitef # equipment fer tits© ^tveS^ &f 
ultrasound. In the meantime an analysis was under- 
taken of the subjective responses of perscmnel to low 
frequency tnedhiUfile^l vibraflbn (640) m& tfiis M 
to the establishment of a preliminary basis for spec- 
ifications and safety limits. A study was also carried 
out on experimental animals confirming previous Ger- 
^^an observations that the appHcation of mechanical 
vibration to muscles and tendons interfered with 
^^^^ mSmei. The mechanism of the effect was 
shown to involve the reflex pathways (641). 

With the installation of the vibration equipment a 
long-term study was begun on the physiological and 
P*<holc^ic«d ^ects of iiiecHani^l vibration using 



anesthetized cats as experimental subjects. It quickly 
tecame clear that when animals were i xposed to in- 
tense low frequency vibration the method of support of 
the animal was of primary importance and that it was 
quite possible for s&^ie§aity injuries due to blows 
against tlie supports to exceed the injuries from the 
vibration itself. For this reason a technique was 
evolved of immersing the anixx^&^osa^ldtelyiii water. 
This permitted observations on the effect of vibration 
itself to be studied without interference from secondary 
^jttfi^ II vm ^&Bm jfono^ 6<0m me- 

chanical vibration resulted primar&y^feum the vibra- 
tion of the heart inside the chest <£jaivi|f« Atelectasis 
m& hm^c^l^si^ '^^^ in thc^ li*^ of the 

lungs struck by the heart and some disturbances in 
heai't function were found as indicated by electro- 
metlSBbgmp^ chan^ atiid ocie^^lcii^^ bf dftsmgc^ fat 
the appearance of the cardiac muscle tissue itself. 
Respiratory air exchange was markedly decreased dur- 
ing exposure to vSbmticm but tetvers^Q eai#bvamito 
function appeared to be fairly well maintained even 
in animals which died as the result of exposure. While 
^ttt stirdfli^ a good ifteitot l^iBL fnm, 

thr sami' cjualitative behavior and general effects of 
mechanical vibration would be expected in humans 
(1234). 

In the area of ultrasound a field study was carried 
out at the Philadelphia Naval Base on the exposure 
of humans to the noise and ultrasound from jet air- 
craft engine exhausts. This indicated that at the power 
levels then available the hazards of ultrasound were 
insignificant, although the intense noise clearly re- 
<}uii^ tike use of ear protective devices. At the same; 
time laboratory work was undertaken on the acoustic 
properties of certain cells and tissues and on the effects 
of ultrasound cm cell structum. Cells and i^l suspen- 
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slons were ca^posed to standing wave systems at high 
frequencies. Injury occurred at equal (half-wave) 
intervals along the direction of the sound wave. Not 
only was there damage due to the acoustically gen- 
erated cavitation but, if steps were taken to avoid 
tiie cavitation, there was also damage due to the 
wave motion of the fluid (643, 968). It was shown 
that certain cells, particularly spirogyra, were able to 
undergo partial recovery even though exposed ccm- 
tinually to a high frequency sound field; or to put it 
another way, that exposure to a sound field reduced 
iomim m^sssit the seodiMli^ W fMte^Nei^pl^^ 
vided that the time sequences and intensities wa?e 
appropriate (648). 

Studies were also niadi m ^ method of detecttt^ 
gall stones with the use of an ultrasound probe. This 
was shown to be possible but, in the current state of 
the art, not practical (100^7, . Later on, a col- 
laborative project was undertaken with the Naval 
Dental School on the use of ultrasound for the prejp- 
aration and drilling of teeth. Since studies on guin^ 
pig incisors showed that the ultrasound produced dam- 
tp the odontoblasts, the use of ultrasound for tooth 
dril^g was abandoned as being potentially hazardous 
(1315, 1316). However, ultrasound is now used in 
dentistry for superficial scaling of teeth. 

About 1952 the problem of hazards from exposure 
to shortwave, high power electromagnetic radiation 
such as that used for radar became a problem due 
largely to the steady increase in the power capacity 

taken using several types of experimental animals with 
carefully controlled exposure conditions. The results 
(SOS) l^lfiid to establish ibsiwB^^ limt tmt in W^ 
of 10 milliwatts per square cenlimeter as a penxiisalble 
exposure limit. 

in^M with '^ese studiai im }mm a program on 
the biophysics of nei*\e and muscle. Considerable 
Mfmk was done on the giant axon of the squid ( 1 141, 
1 14f ) . This included expwpimenis on ftelbehavior of 
the axon in vivo and computer analysis of some of thr 
characteristics of the Hodgkin-Huxley formulation 
ffS^) . lit 1^ mfi^ ^S tii^a^llkett tm the giant 
axon of the lobster which is obtainable in the Wash- 
ington area throughout the year; squid is not. With 



the use of a double sucrose gap xnetihodj, an artificial 
node was create! &fi m tdunyetinated iter aM it be. 
came possible to obtain fairly extensive data showing 
that the electrical behavior of the crustacean fiber wa; 
very much like that of the squid giant axon (888, 889) 
This same preparation was used to study electrica 
responses to mechanical stimulation. Rapid distortior 
of the fiber was shown to produce a depolarizatioi 
whidi) M ferge enough, resulted in generation of ai 
action potential (887) . Slow distortion has no effect 

Work has also been carried out on a theory of nervi 
esgdils^iiiM M "Qm #1^1^ eleetirical propertie 

of phospholipid play a large role. 

In 1956, a detailed theoretical analysis was carriei 
out on the effects of ^ em^s^^ teAiMe wm& o 
nerve cells on electrophysiological data obtained in tb 
central nervous system and spinal cord (1299, 1300)i 

C^niddefSt^ 1m lailo hmt ikm m km ^ 

of cell and tissue freezing and thawing fll^, 1101 
1102). A number of problems h^yei W&m studie 
including the llfec^ of free^lfi^ and thaiwingmtes j 
of chemical additives on cell viability. The resij 
have proven very useful for the understanding 
mechanisms of freezing injury and of the practi 
problans of blood preservation ( 11 04) . Other app 
cations of importance include the frostbite problem a' 
encountered during ijiilitary operations in Korea ii 
1952 (lOK^ mm,im), the frecze-drying of bia 
logical museum specimens H 108, 1 109) , and the prel| 
ervation of bovine spermatozoa (1107). ' 

Sl^fiiR mem also made on Ae le^B^mss of musck 
subjected to step changes in tension. A finite time! 
required for a stimulated muscle to reach its stead 
s^ie i^iHidlddit. l^fiiin i^ie nati^ el idie tr^oiiieiits, 
viewpoint was developed of the interaction of the thicl 
and thin filaments of muscle in terms of a mechano 
chemical llsedb^ system . Lsm myo 

fibrils were exposed to the direct action of electrolyti 
solutions showing that the presence of calcium 
necessary for local contradidn (1290). In anothe 
study it was shown that the exposure of muscle t( 
very high pressures influenced the activation proccj 
af ttmmc&bri in tiie ^^^e v^y ^ (^^rtsiri aaimm 

Thnc is a Mossililr correlation with the way in whifl 
the ions distort the water lattice in solution ( 1279) . 
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VL BIOENERGETICS 

T. H. Benzinger 



Human Gradient Calorimetry and Physiology 
of Tempa^ature-Regulation 



Work in the field of human calorimetry at NMRI 
was initiated in 1947 with the main Qbjiective of ob- 
serving calorimetrically the heat loss or heat produc- 

tion which represents the effector system of human 
^ temperature-regulation. The method of gradient 
layer-calorimetry introduced by NMRI is based on the 
geometry of a blackbody, and on the design of a 
"gradient layer" (86, 96). The calorimeter consists 
of a cavity at constant temperature, in which the heat- 
producing object or subject is accommodateci The 
cavity is completely lined with a continuous layer of 
uniform low thickness and low themial conductivity. 
^ Thjt d^liience in tempe^ieiiie ^f^lmem fl^ toier 
^1 outer surfaces of this layer is measured at approxi- 
mately 6,000 sites of small, equal surface area. Heat- 
; flow Imm ^^kmsm 'w^^im k i^tliiN^^ % 4mm 

measuring units. Through their electrical connection 
in series a single measurement of total heatfiow is ob- 
izmii^ vM^ h Iniepend^t cSf tfae siss twr ifhape el' 
y^' the cavity and of the si/e, shape, location, or angular 
position of the heat-producing subject. Uneven dis- 
tributiG*! of Efface Wttpmrntt does not affect the 

1 measurement. With added gradient calorimeters for 
Qieasurement of heat exchanged in circuits for the air 
^ Aat vet^eilates the calorimeter, or air exchanged in the 
i^pspiiation of the subject, cutaneous-evaporative and 
respiratory heat losses may be separately recorded. 
A rapidly i t sponding and continuous measurement is 
^hus obtained for the sum total and for the nmjOr 
components of human heat loss. 

The gradient calorimeter has permitted for the first 
^inie rapidly responding, continuously recording, and 
PWitioning measurements erf human heat loss, include 



ing the sweating response (cutaneous e\aporaii\T heat 
loss) and vascular reactions (conductance derived 
from cutani^s h^tiSow and internal and istxrfasce- 
temj3cratures) . Eardrum-thermometry, a technique 
developed at this laboratory, has permitted for the 
first time the continuous monitoring williout anes- 
thesia, of a cranial internal temperature representing 
patterns of temperature change in the central nervous 
system (97) . This combination of new methods, with 
aiiigsi^€!onventional measurements of average skin tem- 
perature has resulted in finding quantitative relations 
between causes and effects, stimuli and responses in 
the ^^mc^^^Iafesiy ^^iim M ms^ which maintain 
body temperature close to a predetermined "setpoint" 
(92,93,94,98,99). 

sensitivity, with a sharply defined temperature-thresh- 
old maintains the internal cranial temperature — and 
#ereby also hddy teif^pimtuf^ iii ^^mmi^^im to 

the individual setpoint of the "humaii tlieridiOstatf' 
by two principal effector mechanisms: 

fl) it%e sweatli^ r«^^ fmppm^ by TOsiiidl 
elicited vasodilatation) with a capacity of approxi- 
mately 2 cal/sec. heat loss-increase (10 percent of a 
normki mj^b^Kill^ for every increase of cranial 
internal tSOTpeasi^^irfO^l^ to 0.02° C. 

(2) The metabolic response to cold, elicited by in- 
creased firing-rates of cold receptors of the skin wMdb 
are subject to control from the "thermostat" by watm- 
impulses producing a strong iohibition (10 peJOE^ent 

a normal metabolic rate for ai! liiarease of central 
temperature by 0.01 to 0.02^ G.) whkii becomes 
complete at the "setpoint." 

These results are consistent with the accepted find- 
ings of experimental neurosurgery and electrophysiol- 
obtained between 1885 (discovery of the anierbr 
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hypothalamic heat-loss center) and the recent observa- 
dCHitt by T. NiJcayama, of temperature-dependent ac- 
tion potentials of the ( ck bral warm-sensor, which fol- 
lowed only 2 years after the gradient calorimeter had 
demonstrated the absence of periphisral wattn-niflov^ to 
diis site and its independmce as a terminal sensory 
oigan for warm-reception. The "temperature-eye" is 
analogous to the anatcHnically related retina (sensor 
for light), the thirst-center (osmotic sensor), the hun- 
ger and satiation-centers (sensors for biochemical blood 
composition)^ and the respiratory centers (pn or 
HCOa'-senaors) in the brain st€sn. 

Microcalorimetry and Biodi^^iikal 
Thermodynamics 

Work at NMRI on microcalorimetry was planned 
with two main scientific objectives : 

( 1 ) Among those characteristics of chemical change 
which may be exploited for the quantitative analysis 
of chemical or biochemical reactions, the liberation or 
absorption of heat is perhaps the only one not restricted 
to a certain type, group, or sampling of reactions. 
Continuously recording microcalorimetry may there- 
fore determine the presence or absence of chemical in- 
teractions for which there e>dsts no other analytical 
method. Initial and final rates, total extent, and 
often the reversibihty and equilibrium state of such a 
faction may be found % zniorocaldiriiiie^^^ Hiiis 
makes the measurement of hestt a widdy applicable 
analytical technique, 

(2) Two Aermodynanolo qasm^tm^ nasnely; lSx& 
heat of reaction, AH, directly measurable by calorim- 
etry, and the entropy-change at finite temperature, 
TAS, ihdljwiGlly ineasuralile with the microcalcmm- 
rter, are the driving forces of chemical change. The 
heat change, AH, represents the tendency of chemical 
msrgf t& he released and diss^ted Wtfkite^ 
tation. The entropy chancre, TAS, lenccts in a cpian- 
titative manner the tendency of matter to assume its 
most randcmi, least i^erly configui^ilm ibni iltstri- 
bution in space. Meaiixi^i^iit. Of heat and entropy- 
change are therefore esseail^ 

MiCxxx:alorimetry has been restrictyt the past 
to a few, specially equipped laboratories. Quantities 



of heat, to be measured by combustion-calorimetry 
had to terge, in the range of gram-calories. hJ 
pulse microcalorimetry (88, 100 ) d. a , ] w , d at NMI 
makes the measurement of reaction-hcais one thof 
sand &m&s smaller a routine laboratory procedu^ 
Contrary to the usual approach in classical mici 
calorimetry, the new method does not attempt to isola 
and to preserve the difference in temperature, caua 
by a chemical reaction. Instead the heat is discharg 
at maximal velocity into a sink, through a thermop: 
of approximately 10,000 junctions. These are a 
ranged in parallel with respect to heatflow and 
series for their electric potentials. Reactants a 
spread out over a maximal surface area (approximate 
10,000 square millimeters) in contact with the "an 
thermopile." Mixing is performed by rotating mov 
ments of the entire instrument without disturbing mJn 
^^bm&C!9t^ devices. Reactions using fractions of a mial 
mole, with 1 '20,000 molar solutions, or with a fe 
thousandtlis of a small calorie total heat change ma^^- 
be investigated. A tiieoretical treatment, based on ek 
mentary thermodynamit reasoning (101), has mac"^^ 
it possible to derive not onlv heat of reaction but als . 
tree energy and entropy changes, irom two measure 
ments with ike Ileal pulse microcalorimeter. Revea 
ibility has been demonstrated, and a complete therraiyg 
dynamic analysis has been performed with glutamin hi 
hydrolysis, a reaction that is irreversible for all practice in 
p^rp£ifii^f8i|. n< 
Applications of the instrument at NMRI have k. ir 
suited in the first reliable determinations of the heal " 
fi«e energy and entropy changes of ATP hydrolysi 
(102), in the first direct determination of the hea ^ 
of a poK nucleic acid interaction M03) as an exampl ^ 
of driving forces in molecular events in genetics, aiK 
the fim detem&ia^^ of the heat of an antigen-anti 
body interaction ( 1496) . Objectives under immediali . 
consideration are the oxidoreductions of the dipho? 
phopyridine-nucleotide system, tlie indispensabii 
mismt gS mis^ synthesis of A'fP &i l»E^tiv( 

phosphorylation, and for the assimilation of carb 
dioxide in photosynthesis. These transformations 
energy provide the driving forces flNT iite endre 
of life. 
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VII. PHYSICAL BIOCHEMISTRY 

S. L. Friess and R. F, Steiner 



i( Introduction 

For more than a decade, NMRI has pursued a 
^vigorous program of fundamental research into the 

mechanisms underlying biological activities of nerve, 
^ muscle, and collagenous tissues. The relative emphasis 

on functional relations in these respective classes of 
" tissues has shifted markedly during this time, in direct 

coupling with the ebb and flow of principal investi- 
^ ^atc^ in this diii^Htflilt iiiii^^ 

research and the methods of attack on basic problems 
^ have been geared in general to produce fundamental 
:a informatidtl m ism "^^mm ^m^m i&isd ^^ wkmmj^ 

ncnts oprrate b(^t]i under iBptJgl^ conditions and under 
ffc imposed stresses. Then, m: each phase of study cul- 
J minat^ in Isetlcar tmderstanding dF a given aspect of 
^ subcellular structure or fimction, the results were scru- 
2 tinized in terms of their applicability toward solution 
of long-range operational problans, paittculaily as re- 
latcd to the human factors ekmmt in newly-evol^g 
naval weapons systems. 

The research techniques employed in the bulk of the 
work to be surveyed have been both physical and bio- 
chemical. Starting at the lower levels of biological 
complexity, interest in mechaniStre mmts attending 
the actions of isolated enzv nie systems f rom manmialian 
musclej mammalian and amphibian nerve, and as- 
sorted types of collagen, has led to the development 
and use of highly precise enzyme-kinetic techniques, 
and to the employment of sophisticated physical tools 
(light-scattering, ultracentrifugation, viscometry, etc.) 
for characterizing the sizes and shstpes of enzymes and 
related macromolecules in solution. 

At the next higher stage of organization, tissue 
organelles such as myosin threads, muscle fibers, single 
nerve fibers^ and isolated nod^ regions have been 



studied expedmentally with respect to their biochem- 
ical properties in aggregate, and their excitation pa- 
rameters (contractility, electrical impulse conduction) 
associated with physioloefical function. At this same 
level of organizational complexity, theoretical studies 
have been made on the statistical mechanics of muscle 
fib^ modds^ m$Bk fm^&o^^ w^mmm ^ processes in- 
x'olved in the traiirftar oi dieimcal fre& enei^ into 
contractile work. 

ity represented stmcturally by small intact laboratory 
mammals, amphibia, and neuromuscular preparations 
dert^ fiNGtt species, wm^^wi^^mm^^^mmm^ 

rological. biophysical, and toxicological techniques 
have been applied to unravelling details of processes in 
whidh citmifeal agists rtsact iwith tissue-localized 
chemoreceptor units to alter their physiolofrical re- 
sponse to stimuli, in either a positive (response ampli- 
fication) or negative (response blockade) dire€iio0. 
Much of this work incorporates contributions from 
other scientific disciplines, and has also served as a 
Navy inhouse bridge between certain NMRI research 
interests and operationally motivated programs spon- 
sored by the Office of Naval Research. And finally 
some of the current research on basic mechanisms in- 
volved in amplification of neim^nsusciil^^^i^^ pat- 
terns shows direct promise of application to human 
responses under stress conditions imposed by deploy- 
ment of current and projected ^weapons syste^ ^ l^e 
Polaris type. 



Research Ptogmns and Key Results 

Muscle and its derivatim^i-^ highly-coi^feiied 
and inteimve pro^^am on basic m^haiumis involved 
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in muscle contractility, largely in the hands of Morales, 
BottSj Blum, Hill and their colleagues (1162), cul- 
niteifeei m ihe ^ly MBes bk ^sdr "^^inding-deforma^^ 
tion" theory of muscle action and its detailed steps 
germane to efficient work production. This theory 
is sfill cutfersi^, iMd stinuilated much resiaich on 
an international scale dedicated to confirmatipn or re- 
buttal of its main provisions. 

between trioovrino- adenosine triphosphate ions (ATP) 
and the oriented collection of macromoleciiles in mus- 
cfe Rbdfe grouped UBilgr flie myosin (M) as aa 
electrostatic adsorption at the fibril surface accom- 
panied by simuIt3Jaepus defprmation of the fibril. 

aM (rest statfe) +fa ATP-*aM.bATP (deformed) 

thh m adiorption of i^e polfi^^^gMm 

ATP species to the macromolecular, char^^ed surface 
M produces a deformation as a result of the net neu- 
tra&atei mt^Mms^m^mm^ 

progressive electrical pairing of such surfat^ groups aS 
— COOCa^ with negative ATP species. 

Following ftife ^lmi^3^ deformation** skcp, the con- 
trolled enzymatic action of the endogenous myosin in 
splitting its bound substrate ATP and desorbing the 



(727) and colleagues. In this work, an assortment 



th 



aM.bATP 
(deformed) 



bADP+bPi+aM 

(re^t state) 



results in regeneration of the surface charge on M, 
and ultimate restoration of both the macromolecular 
surface to its initial conformation and the fibril to its 
resting state. 

This scheme, whh its key step of triggered electro- 
static binding of ATP species as the act directly re- 
sponsible for fibril deformation and muscular perform- 
ance of work, is in accord with the critical finding that 
Mg"' ion characteristically enhances the adsorption 
and binding of ATP and certain of its analogs, and is 
also ess^iitial for the overall contraction*relaxatiozi 
process. Further, the controlling step of binding- 
deformation in this scheme is attractive in that the free 
^lis]gjr changes associated with such ion-macromole- 
#||#: cS^g^^i^tic interactiom ac^iH^ 1^ 
tioBS of the net free energy of dephdsphoryllitidn in* 
herent in the ATP-splitting step. 

The extent to \\4iich this electrostatic binding model 
for nuiscle contractility appr^ches reality received a 
considerable boost from the statistical mechanical 
analysis of model contractile systems carried out by Hill 



elastic filament models was surveyed theoretically 

i^iei^^ €^9p^able changes hn^k (e.u^ 
at constant tension) might be expected as a functic^ 
of change in surface charge on a given fiber. The 

im&^ fmm^ the conlxactittt^ pUnttstlX^ 
a fiber as a sensitive function of its charge distributio.iy 
independent of how that charge is produced, anj^, 

^mE^om ^ppiy pitimSiy m elc^^static bindirgc 

models as that postulated by Morales and Botts ( 1 162^5^ 
In brief, such models of a fiber anchored at both enr^j 
and surveyed for length^tetision relationships as surfa ti 
charge is varied, show a phase-change region whicb, 
accounts for the elastic properties of fibrils. In thn 
critical phase-change region, a very small change [q 
the molecular environment can cause a large 
sudden contraction of the elastic element. Return 
the initial state of extension of the fiber by a reve] 
of the mttial flange in surface charge is 
prompt. a 
Finally, it might be noted tiiat this electrostatr 
mechanism governing the state of extension of mm 
cle fibrils, and ultimately the velocities of change i 2 
state as a result of a neural stimulus, had the chaj j 
acteristics required twW^mM^^^ W^ml of muscula c 
work by special chemicals administered to man (0 \ 
animals) . In a military context, it is conceivable tha j 
ecMtroUed klifei Jl^S^SIiii wgm^ '^ pi^nel i 1 

hi^-^Stre^ si^ttations and confined atmospheres, vi • 
the aetosol inhalation route for example, might resu: ' 
in dose^ontrolled mediation of die intensities an 
amplitudes of muscular activity. Such n^sponses eve 
if small might well improve sustained performance | 
^tend^ niissiop$ with hi^ mustular demiulds, 

CiMe^n, md J^^tetlm— A ligi^i^t higl 

light in past biochemical research activities was pre 
vided during a 3-year period of residence of Lt. P. H 
von Hippel, IfflSf, XMWi. ISp. Hippel addec 
some ver\' important elements to the muscle biochem 
istry program but this was overshadowed by the bril 
liance df his stihii^^t efforts in study of the bio 
physical chemistr>' of macromolecules from collagen 
The scope and power of the experimental technique 
employed by von Hippel and his colleagues in th( 
s^dy ^ c^Hl^g^ stmcture and f uncii^m is ill^ 
by work on the purified fish collagen, ichthy 
(1696) . This macromolecular constituent of coniK 
tive tissue was subjected to collagenase-catalyzed d 
radation, and the kinetics of the proteolysis folio 
by two independent analytical methods (jjH-stat 
colorimetric ninhydrin) . I'lie kinetic analysis reve; 



28 



i 



r 



3that, below the critical solution temperature (27° C.) 
Ibt which collagen is transformed quantitatively into 

feelatin, there are local dififerences in polypeptide chain 
Configuration in the vicinity of the susceptible peptide 
sbonds, leading to marked differences in the rates at 

Cwhich these bonds are attacked and cleaved at a cata- 
ilytic surface. This phenomenon was probed further 
iby examination of collagen's molecular properties in 
■^solution, using viscometiy, optical rotation, and light- 
scatteriner as the prime tools in rwiluating structural 
c transitions and molecular dimensions. It was found 
c that the collagen macromolecule in soluticm can best 
:!be described as a rigid, multi-stranded structure with 
iimany hydrogen bonds linking the chains in the array 
fof strands. As a consequence cf l£t& stm^srej 'ivM^ 
1 is essentially that of a "particle" in character, the en- 
tzymatic cleavage of single strands at points of high 
la react^fty 

-S unaltered with respect to molecular weight, but brings 
about a partial structural collapse by introducing 
ti points tiimm^ ft&^SM^, 

li The results of this phase of von HippeFs program 
t are of far-ranging significance. The finding that 
LI proteolytic enzyme* csan i^iingulA immm tod el 
a order and disorder along a protein chain, or perhaps 

0 between regions of "amorphous" vs. "crystalline" char- 
a acter in a macromolecule, has a powerful bearing on 
i; the rates of in vivo enzymatic reactions, and on the 

1 physiological functions which they in turn control. 
The disposition of configurations in natural protein 
chains into classes of order and disorder WS^ he. M 
major key to the mechanisms behind the turnover of 
structural or functional building blocks in mammalian 
tissues, and henceinto &e^3^ balance betwem piOfein 
synthesis and destruction. Further, the dpmori<;trr,ti*on 
that collagen structures are specifically attacked by 
proteiies ifi^ ^ol^^M^ li^ ^ ^ 
generation of collagen defects in man. Such defects, 
whether genetically controlled or induced by insults 
fromtlkd miiy^mmm^^ imfviMmml^^^^ bf 

direct alterations (chemically produced! of the cr\'s- 
talline loci in the collagen aggregates which display the 
^^igh 8ensM^% protei^^ait^ 

Chemoreceptors in nerve, neuromuscular prepara- 
tions, and their drrirafires.— An oncroing program of 
i^esearch on basic mechanisms underlying excitation 
and conduction processes in medultei»3 H^rve, synaptic 
transmission at the mammalian neuromuscular junc- 
tion, and processes of amplification or blockade of 
"muscular response to neural stimuli has gathered mo- 
J ^^^tum and scope during this decade, largely in the 
J '^^'Wtt of Friess, Thron, Standaert, and their colleagues. 



Primary emphasis has been placed on organic synth^es 
of new, stereochemically tailored aminoesters based on 

such cyclic aminoalcohol structures as cis and tranS'Z' 
dimethylaminocyclohexanol, tropine and pseudo tro- 
pine, to furnish a series of molecular probes into the 
surface structure of the chemoreceptor loci responsible 
for excitation phenomena in neuromuscular tissues. 
These substances were then employed in high stereo- 
chemical purity to interact witli the single fiber and iso- 
lated single node of Ranvier in froc^ sciatic nerve, the 
isolated phrenic nerve-diaphragm preparation from 
^ 1^ isolated muscular tissues, and mmt losMt 
oratory animals (mouse and cat, intravenous admin- 
istration). Additionally, the aminoester probes and 
cerlaSn of vme weA ^ sxMms^ et 

inhibitors) to examine fine structure in and about the 
catalytic site on the purified nerve enzyme acetylcholin- 
^^e^^ (^^kiilill^ ii ^^^M Bidssess^ t^ and 
importance of this enzyme in events attending nervous 
excitation. 

A nc^hi advance in recent ^Xb^ df &e "woitk 

(1470) was provided by the finding that the stereoiso- 
meric aminoalcohols IG and IT evoke a 



^mcSr OH 
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complex spectrum of activities from the mammalian 
phrenic nerve-diaphragm preparation, starting with 
adsorption at the neuromuscular synapse from very 
dilute bathing solutions and the production of ampli- 
fi^tto: of the twitch response height. Then, as the 
concentration of either agent in the tissue bath is 
raised beyond the initial IQ-^-lO"^ M. levels causing 
liesponse potentiation, the initial amplification of 
twitch response height is swamped out, and superceded 
by an overriding blockade of twitch response that can 
1^ f«v<^»ed by driqf msmmlL $mii wadiing. Fur&er^ 
the dose-response relationship controlled by synaptic 
receptors is highly sensitive to the stereochemistry 
mms ^^^^l^l^f ^ &m "^i^^ggmng adduct, 
with cis structures more potent by a factor of about 
10 than their trans isomers, and with mixtures of the 
two trigg€arili^^olecules cvcMng synergism (or exalta- 
tion) in muscular responses to stimuli. 

Even more striking in this biphasic response picture 
of twitch a^lStot^n^^tv^i^ ht(sf&^slb m a fimigii^ 

of incubating concentration has been the behavior of 
newly synthesized aryl esters in the tropine and 
^-tropine series (1584). 

29 



\ 



OCOCH; 



Tfopine Esters (iraiis) 




These esters are particularly dramatic in terms of their 
power to produce highly ampUfied twitch responses 
via direct (muscle) or indirect (nerve) stiitiKlation 
pfilliways, followed by abrupt decay of this amplitude 
potentiation into blockade over a very small range of 
incubating concentrations. Most impressive on this 
score has been the esster tropine-m-tolylacetate 



whose potentiating power is such thtt 

it can produce as high as an 80 percent amplification 
in twitch response from the diaphragm muscle, over a 
cootf^Hed time intarval and m thoroughly reversible 
fashion. 

These findings with the peripheral neuromuscular 
piepaFadon open a rather promising a\eniu^ of ap- 
proach toward solution of an important family of 
opemtionally oriented, human factoids problems. 
These pttidmn iieaft fitoia the environmoital stresses 
imposed on fleet personnel as a function of their de- 
ployment in the newer naval weapons systems, exem- 
pHfied by tf« Polaris ^itosm^ on extended patrol. 
Proloir-'vd submergence and exposure to sealed en- 
vironments, accompanied by repetition of complex 
mami^l tadcs, may ^ 1^ tsa loss of ( fTu idicy kt 
musrular performance as a direct result of minor deCftf 
in amplitude or frequency of the motor nerve signal 
relayed fwm mmd wm^m sif^m. Sa^ 
crease can be combatted either centaMfflyi by psychic 
energizers, or peripherally at the end-dffector tissues 
themselves. In the latter approach, the CCBfitrollcd 
adminttlmtiM c* ifiEKSai^ts of an ester Uke 

tropme-r/z-tolylacetate, via the aerosol inhalation or 
oral routes, may furnish an ampUfication factor m 
peripheral nemismiis©^ t^iggpAisg pm» Imt 
dent to negate the leisults of decreased neural stimuli. 
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This attack on the problem of assuring small-ampf physi 
tude precision in musoilar mpvement is indeed ideala ver 
suited for appUcation in sealed atmospheres, smce ^ihe i 
techniques of achieving and maintaining steady-sta to 
concentrations of the muscle-potentiaUng agents witi^siniu 
in operational personnel are simply reduced to fixi|h2» l 
the differential between easily controllable rates , ^\ 
supply (via atmospheric aerosol) and rates of destn| "has 
tion or elimination from the body. Also, the rev^tiim 
biUty in binding of these agents to chemoreceptlb^ 
ensures that control of musculnr resp(Misc in personJlem! 
can cease promptly on leaving the operational envirol or i 
mm, or on shutdown of telserosol source. | sten 

The same aminoesters used so successfully in probir clin 
fundamental properties of the mammalian neuromus alte 
cular apparatus have also been employed in a ba| and 
of nerve fiber ( onduction parameters, and r vie^ 
slriKStural features characterizing the catalytic unit 4 die 
the nerve enzyme AChE (as obttiihed in 
from elec tiic eel tissue) . Some important generalis 1 
tions have emerged from this work. Fim, die tertiak of 
aminoesters do block excitation in the single nodc||bd 
Ranvier infr^sde^^ ^^'itll lii?^^ specific^ tlb 

in terms of ester structure vs. potency, and with h^ iig 
stcreospecificity in terms of spatial orientation bf pcffl^ 
groups in isomeric pairs of esters. Similarly, the^ 
esters act as weak-to-moderate inhibitors of the AC 
acetylcholine system, with high structural and stei 
spei^fii^^'^S'^t hte^^ potenei(^s, and with i 
isomers in j^eneral more |)otent tlian their trans rel 
tives. But significantly, although there is a clear c 
relation bl^^ ea*er stawture and ability to bl( 
nervous excitation on the one hand, and between sti 
ture and the ability to block the enzyme sysi 
AdhE- ACh in vitro on the otfier, there is no appai 
relationship in parallel between the two respec 
blocking processes as tested wiUi Uie same set of pi 
ing agents. Indeed, strong dwfletits of anticorrelai 
occur. This finding, connrnied anew with each 
set of esters synthesized and tested, reduces sharply 
likelihood that AChE localized in the nerve membr 
rn'm^^m plays a large or key role in events attenj 
ing the ^Iteration of the nerve impulse at excitatir 
loci. 

BiapQlymers^—The investigations pursued in 
highly impmtant area of molecular biology have I 
concerned with the structure and properties of 
txvo most significant types of biological polymers, 
protdns and nucleic acids. Intenrfvc effort bas beci 
toward prreise «-N'aluation of basic molccula: 
properties, using techniques that are for the most 
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physical in nature. Indeed, as this field is undergoing 
a very mfii cxpj^^^n ih tile push towal*d ^^^i^pia^v^h^ 
the molecular basis for c^enetically controlled trans- 
formation and reproduction in living systems, the 
simultaneouf di^dpSsght erf new physieal 
has been essential to the prosecution of this research. 
\\ hile the orientation of this research has been 
basic," in the sense that a correlated body of informa- 
tion has been sought for its own sake, the results have 
l)cen germane to the solution of Navy-oriented prob- 
lems. Specifically, subtle changes in protein structure 
or toi^ion 'dfe ml&mMy i^Hod ta i^msm 
stemming from these alterations, and can be used 
clinically as diagnostic aids. Further, the controlled 
alteration of macromolecular structure as in the viral 
and chromosomal polynucleotides is presently being 
viewed critically from the standpoint of projected syn- 
thesis of new biological warfare agents to be deployed 
in naval weapons systems. 

Recent findings in this challenging field, at the hands 
of Dr. Steiner and his colleagues, are summarized 
below under the two groupings: {A) Biosynthetic 
ribonucleic acid; and ( B) Fluorescence properties pf 
natural and conjugated jjroteins. 

A. Biosynthetic ribonucleic acid. — Ribonucleic acid 
(RN^ ii^ ita^ g^is^tlly^^i^^ to big ^ ^Ir^^ 
agent of protein synthesis. The genetic information 
stored in the deoxyribonucleic acid (DNA) of the 
( hromosoines as specific nucleotide seqi^i^es is ton- 
scribed into complementary nucleotide sequences in 
freshly synthesized RNA. This in turn serves as a 
tcrapbrte %yt gij4de€ as»giiAfy drmmin0 acids into 
the polypeptide chains. 

The central role of RNA in me^tiin^ potein syn- 
thesis appears 1© fee uTiSversai Ik «^es of cett& 
viruses RNA is the only nucleic acid present and 
assumes responsibility for the storage of genetic infor- 
mafetm, the replication of the virus, and the synthesis 
of its protein subunits. A number of viruses of this 
f lass are known whose purified RNA has infectious 
propeities. Such systems are of considerable clinical 
and military interest, in particular with regard to pos- 
'^ible applications to bacteriological warfare. 

A kfis^edge of the molecular organization of RNA 
|s essential for an understanding of its hioXc^i^i^Si^jl^ 
'^V' One approach to the jii oblem has been to examine 
the properties of synthetic analogues of RNA, which 
f^an be prepared enzymatically with any desired nucle- 
oside composition. 

Synthetic polyribonucleotides have been prepared 
wmch CDntdn only one of the four nucleotide bases 



present in natural RNA (1515). Such homopolymers 
in eiilier ot two ilAsWtt mdleculaif states, 
depending: upon conditions. These correspond to an 
incompletely organized configuration in which much 
(rf ^ iQfiol^^iSt ar wmSmAf coiled state, and to 
a highly organized h^&lrt^tructure. 

In the case of po^S|^%lic acid (poly A) the transi- 
tion from the uni»rgai^zed to <Ile lieHbfl state can be 
brought about by reducing the pH to a value below 
about 6^ depending upon the ionic strength. At neutral 
of afkaiine pH poly A exists as a pairtJy organic s^s-^ 
tern, containing alternate helical and amorphous zones 
(57, 1515) . In the presence of high levels of methanol, 
all helical content is lost and the polymer reverts to the 
completely random state. 

The transition between the imorganized and helical 
states is remarkably sharp, going to completion over 
about 0.1 pH units. In terms of current theories of 
the helLx-coil transition, this indicates that the struc- 
tural transition is initiated at relatively few points 
m^tag the chain, the enlargement of an existing helical 
sequence being energetically favored over the forma- 
tion of a new sequence. 

as well as for complexes of two different polynucleo- 
tides, have been examined and found in all cases to 
h^mpMf ii@i^s^Ie (1304) . Umi^iiitimag^ iinc^c 
barriers exist which prevent the exploration of com- 
petitive configurations by polynucleotides, and the se- 
lectidn of that most favored eneigetieaitf . 

Copolymers of two different nucleotides ha\-e been 
examined. In several cases these have been found to 

ultraviolet hypochromism and optical rotation. As the 
sequence of nucleotides in these copolymers is entirely 
random, tJm m^ti {tMmim lihat ^ imms^^ ^ 
helical regions in mixed polynucleotides is not depend- 
ent upon any specific linear order of nucleotides. 

The interaction of synthetic polyribonucleotides with 
the vital stain acridine orange has been studied ( 1502) . 
Fhe binding is accompanied by pronounced changes 
in the fluorescence intensity and adsorption spectrum. 
The i^aracter of ^^mm §$pmds ^rm^, #e 
nature of the polynucleotide and upon whether it is in 
the helical or random state. 

B. Fluorescence properties of natural and conjugated 
proteins, — ^Virtually all proteins are endowed with the 
]^pi^r^ ctf fluoresdng Mi^ kngffas^ % 

virtue of the presence of the aromatic residues trypto- 
phan and tyrosine. Of the two, tryptophan, whose 
emission band is centered at about 34OOM31SQ0 A, has 
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by far the stronGrest fluorescence and dominates the 
emission spectrum of the proteins in which it occurs. 

The intensity of fluorescence of the tryptophan resi- 
dues of proteins has been found to be very sensitive 
to the state of their molecular organization and can, in 

change in the configuration of the protein. In this 
manner, the intensity of tryptophan fluorescence has 
Been dt^li^ed m 'A mis^^^^ 1^ pfoteins and 
has been used to determine the kinetic parameters 
characterizing the denaturation of pepsinogen, lyso- 
zyme, and soy bean trypsin iidubitor (1516) . 

The intensity of tryptophan fluorescence is reduced 
by the bindinig of mim 9X mqlem^e whose absoiptipn 
hmd overiap« the easMtm band of tryptophan. TMj 
is a consequence of radiationless ener^ exchange be- 
tween the tryptophan and the bound molecule. This 
process is being used to estimate the binding of thy- 
ro9dn by die plasma proteins invdinsd it Hi transport 

The property of visible fluorescence may be con- 
ferred upon proteins by coupling them with a fluores- 
cent dye, SQEdb 'm Smmeses^ ^fluo^aoate or 1-di- 
methylaminonapthaIene-5-sulfonyI chloride (1518). 
Such visibly fluorescent conjugates are very useful for 
studies of lit is^il^^ d proteins. 

Both &e intendty of fltiorespmc^ of tim corijugate 



and its degree of polarization are very responsive ti 
changes in the molecular state of the labelled protein 
In particular, fluorescence polarization is a very sensi 

tive index of any loss of structural rigidity under de 
naturing conditions. The denaturation of y-globulii 

Both proteins have been found to display all gradation 
of flexibility ranging from the relatively rigid state C6 
&e intact n^deatde to a codSgurs^loii app¥oachin| 
that of a completely structureless coil. 

An example of particular interest is the reversibli 
iiiactivatfem pepsinogen, til' §M ntesi tht com 
pletely reduced form of pepsinogen, whose di^ 

sulfide crosslinks have been split by treatment with : 
sulfhydryl reducing agent, approaches a structurelesi 
condition; Retncyval of the urea and reformation ol 
die disulfide bridges by atmospheric oxidation, con 
verts almost 50 percent of the material to a form whic} 
is indistinguishable from native pepsinogen in physica, 
fmip&^t^ wad vAddx can foe converted to activ^ 
li^psin. 

This result indicates that the complete molecular; 
organization of pepsinogen appears to be dictated hf- 

its prmm^ mmmm Wk i&t^Mi^; & as^ mmt ol 
consid^r^l^Jb Interei^ for attempt at pro^^ synthesis 
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VIII. BODY COMPOSITION AND PHYSICAL 

CHARACTERISTICS 

Julius Sendroy, Jr. 



IntroduGtion 

The assessi£i€il^ of man's ability to function, work, 
and to live under the conditions governing reaction 
between his body and that of his enviroiiment has 
Bee^e increasingly important, not only for adiieve- 
ment but for survival. The availability of criteria for 
the evaluation of an individual's capability and phys- 
ical well-being, with particular application to military, 
industrial, and medical activities is of gioi^dbg concern 
to our modem society. 

Physical anthropology, through the medium of an- 
thropomc try and the measurement of body composi- 
tion, has occupied the attention of biologists and 
physicians for the past half century. Interest and 
activity in the investigation of the possible relation- 
ships of physical characteristics and chemical com- 
position to metabolism, physiological functions, reac- 

^ to di%i{g% mm^i^p&^S^ m iimsm^ m^ ^^mm^^S^ 

patterns, have increased greatly during the last two 
decades. This interest is reflected by the mass of 
ffieratere <m ^ the iyp^ ImM (strudbond or 

constitutional), size, volume, weight, height, density, 
surface area, fat, water, and lean tissue of the body 
and ili €^|^((»ialis aad/or 60in|»rtments. 

Indeed, from the time of Hippocrates (about 400 
l^ C.) body build has been more or less associated with 
certain tfpm t^^kmt M mm typfjAx^^^i^ ^te- 
sified under the heading of extremes, such as slender, 
corpulant, and stocky. More recent students of body 
build, such as Ki^el^dttna*, Gk»Q^, aii^ IStddo^, have 
developed and used theoretically based methods of 
"measurement and classification of body types. On the 
ot^ hjyjj^d, strictly empirical, objective methcsis 1mm 
b^ useid by odiers for the ndotm&tim and obleclive 



analysb of body build. In the studies of Lindegard^ 
Keys and Brozck, Behnke, and many others, a range 
of physical factors or parameters of body build, based 
on variations in the quantities of difTercnt tissue com*- 
ponents of tlit^ h(xly, reflects not only the outer con- 
figuration, but also die structure of man's most inti- 
mate earthly dwelling. 

In the operation of the Armed Forces, practical 
considerations make particularly important the em- 
plofmmi M techniques 
for the solution of problems of supply and logistics, 
the deployment of personnel, space, and material. 
¥mm its inception and ^ta)^^ut Ib^ W ym^^ i^ 
existence, various members of the staff of the Naval 
Medical Research Institute have developed methods 
fm^ mA tsoti^cted studies o^, Ik^ ttmmm^^^ 
(volume, surface area, specific gravity) and composi- 
tion (fat, water, lean body mass). These will he 
m(^^§m^ in die jfbUowingv 

Body Composition 

Specific gravity, total body fat and water. — In the 
course of indbi&ir^ notilHons of men for the vmtaMtiTt 

in 1942, it rapidly became apparent that standard age, 
height, and weight tables were sometimes misleading 

types, exemplified by outstandinsf athletes, could easily 
be rejected as being overweight. A much more reli- 
abfe kd^x of obesity thmi tiiat of absolute weight was 
found in the ratio of weight to volume (obtained ac- 
cording to the principle of Arqiiimedes by weighing 
the body immersed m w^l^* The resultant was at 
value for tiie average spa^ie gravit;r of the body indica^ 

33 



tive of the relative amounts of bone, fat, muscle, and 
watery tissue present. On this basis, owing to the low 
density of fat relative to other body tissue components, 
ji mu<*b Smt distinction could be made between tiie 
MflScjcflar physique airf Wm dbi^tf te- 
dicated by an abundance of fatty tissue (59, 1742). 

With the foregoing as background, one of the earliest 
programs in the history of NMRI was one by Pace 
and his coworkers, involving an intensive theoretical 
and experimental study of body composition (1228, 
1304) . Equations were developed and practical meth- 
ods desciibed for the deteraiination of body specific 
gravity of guinea pigs by water displacement, and the 
subsequent calculation of total body fat from the 
fornnm, i^ee (fe m3m^ §m speeific gravity i>f men 
were found comparable to those for the (eviscerated) 
guinea pig, a similar relationship between fat and body 
dfflfiffiy vms established for the conversion of tihte latter 
to percent body fat in man (1146, 1228). Further 
work showed that the proportions of water and of elc- 
mmmf' latercgW m %ody weight of giMm 

pigs were constant, provided body fat was taken into 
consideration. The available exjperimental evidence 
thus gave support ti& #^ aiHeefJt af a Mn body mass 
that is relatively constant in gross composition, in 
which body fat may be considered present a§ a diluent 
(1217). 

Additional contributions toward the establishment 
of the experimental relationships of body specific 
gravity or density, body fat, and body water, and 
methods for their evaluation, were made by NMRI 
investigators (1, 1167). These results have in the 
main been repeatedly confirmed in other laboratories. 
It was a:lso sh^im by ms^ mis^mi^mi of the work to 
human subjects, that the factors of body composition 
could be related to those of body build (440, 441, 
120i) ,m^k as ik^ mm^WII^M^^^§. ^ Sheldon. 

^tePf m^^^m^ ^ (iMtig and ^ht.— The 
work on the relationships of the various tissue com- 
ponents of the body, undertaken from the standpoint 
of body build and composition as an index of general 
health and of efficiecicy and fitness for carrying out 
tasks and duties, was applied in another practical 
direction of extreme importance for military and other 
air and underwater operations. 

From the logical assumption based on animal ex- 
periments, that water consistently constitutes 72.7 per- 
cent of the lean body mass of man, the body may be 
considered in terms of two components, one fat, and 
the other aqueous. Gaseous nitrogen, the major com- 
ponent of air, is dissolved in each of these in accord- 



ance with the extent of its solubility in each. It wasj 
shown that body composition in terms of fat and water i 
may be quantitatively estimated from theil teil gas 
solubilities (1152, 1217, 1228). Moreover, since fat' 
dissolves five times as much nitrogen as does water, 
the retention of the gas in tfie tissues witib subsequent 
release when the pressure is lowered, as when an aviator 
rises to altitude in the open or a diver surfaces from 
depth, gives rise to * 'decompression illness," or the 

%si!ii?* and '^clifilte^ Vkum. msi 'i^mmmAs^ by 

major signs of pain, asphyxia, and piai^a^lysls^ aild minor | 
signs of pruritis and skin rash. 

The individual adaptation to variation in the at- 
mospheric prcssiu^e of the environment is of major 
importance in diving and high altitude operations 
where today men descend to watery depths of 750 feet 
and ascend to altitudes of over 240,000 feet. The 
nature of the inert gas exchange characteristic of the 
individual will determine his ability to adapt to and 
carry out his work and mission under such conditions. 
Therefore, a knowledge of the jirinGiples of physio- 
logical inert gas exchange and tbtimtm^ filming it, 
such as the solubility and diffusion of gases ill and 
through various body fluids and tissues, with variations 
in temperature and pressure, are of prime importance. 

These problems were keenly appreciated by Behnke 
(74), who, shortly before coming to NMRI, had per- 
sonally participated in the operations of the rescue of 
the md i!m of the sunken submarine 

*'Squalus." With the onset of war, research on related 
projects inevitably occupied the attention of NMRI 
workei% pimeedaj alofig^ imw fiionife of stfeck. 
Theoretical back2:round studies by Smith and Morales 
on ipeart gas exchange as a physical system ( 1 149, 11 50, 
1152, I%39^ ipd a series of laboratory ifivfestiga- 

tions by Genfii Catchpole and their coworkers 
(217, 622) were carried out. In the latter studies, the 
physical and physiological factors affecting the forma- 
tion md ^^^i^mmm& di gai^dl^feln Wimi mS, in the 
tissues of animals of several species, under various con- 
ditions of atmosjpheric compression and decompres- 
sion, at high attti few pressures were studied. This 
work was summarized in reviews which encomjDassed 
such subjects as the mathem^^tical principles involved 
md thie physical factors Te!g>on^ble for bubble forma- 
tion and gas uptake and elimination, the formation 
and accumulation of gas nuclei in the body, the rate 
of decompression (pressure release), gas solubilities, 
body composition, the flow of blood in the tissues, and 
the amount (density and surface) of blood ca,pillaries 
present (74, 217). 
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These studies provided increasingly greater evi- 
denca^ *0 show that gas buhbtes are primarily respon- 
sible for pausing the pathological effects of decompres- 
sion sickness, and that under all circumstances such 
bubbles are mainly within the blood vessels (aero- 
emkoGsEtl) , and accottiit for nearly all of the ikapoi^ 
|ant signs and manifestations of the decompression 
sickness symptom complex. Bubbles in tissues other 
than the blood are restricted to tissues rich in fatty 
laaterial and occur under certain Severe conditions of 
decompression from high pressures. 

The pathological effects experienced by divers in 
decompression f^mtx iifrtiii foaiai W }M WmM 

greater than those of air personnel ascending to alti- 
tude, owing to the greater bubble frequency (number) 
and distf ibuMd^ to fti hmnet ease. feteively 
small amount of gas in solution at altitude causes 
relatively fewer neurological signs of damage to the 
brain as compared with the consequences of aeroem- 
bolism from deep diving. The rarity of spinal cord 
involvement in altitude decompression may also be 
owing in part to the usually immediate recompression 
from altitude to ground level on the first appearance of 
symptoms. Such relief is also much more rapid be- 
cause of the greater water and carbon dioxide content 
of the altitude bubbles as well as their smaller nirniber^ 
compared with iJiose which in #5sii^ @ii decrease 
of pressure after exposure to diving depths. 

The possibility of effectively diminishing the inci- 
dence of decompression sickness in divers and aviators 
was suggested by the results of experiments on human 
subjects. By the addition of carbon dioxide to oxygen 
inhaled following exposure to pressure, the rate of 
mti?bgen gas elimination frpm the bcdy was ihpreaJ^ 
20 percent during the fitst 30 minutes of denitFogena- 
tion(1025). 

Zoometry and population stress. — In a series of ob- 
servations of a different nature, the effect of another 
type of stress on body measurements in animals was 
studied by Christian. Of significance, in the possibility 
of a parallel in anthropometry, were his findings of 
various GDrrela€^fis belmen adi^^riat i^gkis body 
heights for several species of animals and man, body 
adrenal gland and reproductive organ weights, and 
population size or "social rank" in mice. A decline 
in reproductive function and an increase in adrenocor- 
ticotrophic function were attributed to stress resulting 
^rom increasing population pressures, with increasing 
population size (23% 2C 1^ fc ife ¥30^* 



Body Surface Area 

The siiiface area of the body, total, or of its parts, 
has been found to be one of the most useful of all the 
physical dimensional characteristics of an animal. 
This measurement has been correlated with many other 
biological and physiological variable and indices, such 
as development arid growth, oxygen consumption, basal 
metabolism, body heat production, lung carbon mon- 
oxide diffusing capacity, extracellular body fluids lean 
body mass, and body volume. It im faeeior Sippllad 
with varying degrees of success in the treatment of 
bum cases and radiation effects, for the assessment of 
drug dosage and body covering, and has been involved 
in the approach to aircraft engineering design by 
studies of the realtionship of aircrew movement and 
performance in limited spaces (915, 1674) . 

On the other hand, despite its ^snAte -BLpplmsMlity 
and use, this physical measurement is probably the 
most difficult to make directly. Historically, its use 
'M ^ 2U^|]y6pd^#ki^c variable was preceded only by 
those of weight and height, with which it has repeatedly 
been related both on rational and experimental 
grounds. Following Abet^e^fih^f^ first estimate in 1793, 
a succession of techniques of direct physical measure- 
ment was evolved, of a cumbersome and impractical 
riattife. 

The introduction of mathematical techrdques to 
direct surface area measurements led to the develop- 
ment of geometric methods, whereby surface area wsls 
estimated by assuming that parts of the body more or 
le^s resemble regular geometric solids. Various types 
of formulae were developed, theoretical and empirical, 
for calculating surface away from its geometric rela- 
tions to the major dimensions (height and weight) of 
the body. Most of these formulae for the indirect esti- 
mation of surface area in both cati^ories were based 
on insufficient data and consequently gave reliable 
results only within a narrow range of human physiques 
(i.e,, for the "average" man). With the passage of 
time, many of these methods of calculation have been 
discarded. 

A noteworthy esiception has been the theoretically 
based, well-known DuBois and DuBois height-weight 
equation which has been used more extensively than 
any other. Because the cal&^jaiii^ wm'^^^m&!^ only 
in logarithmic form, many tables and charts have been 
constructed and devised to overcome the difficulties of 
the calculation. In the empirical §t^Mp of calcula- 
tions, the basic procedure is to plot the surface area 
value against one or each of the other dimensions, and 
then to find the averagfe curve of the points tg^^iae^iieal 
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or algebraic methods. The self-adjusting power equa- 
tion of Boyd developed in 1935, in which the exponent 
of weight is automatically decreased as the weight itself 
increases, is probably the most sophisticated of thii 
group of empirical equations and justifies her claim to 
"the best single equation for predicting surface area 
£rom tidi^ dbiensions of the body." 

One may say that with the exception of another 
method, the photographic, no new developments oc- 
curred from ike time of l&of&k maii^clui i^mMm of 
1935, until a few years ago. New and improved 
techniques and approaches to the study of body com- 
pG^^Sm, m Imve M iite forcing, 

spurred a revival and a widening of interest in the 
relationship of surface area to other body measure- 
ments. 

Owing to the situation outlined, there aiw in the 
author's laboratory, an effort to develop a sinaple, 
rapid, lifid M*!!^^ df asdculatihg hutilc^iil£»i^ 

surface area from other simple body dimensions. 
From the empirical relationships of the sum of height 
and weight, and the ''shape'' factor d Urn nt^ cfl 
weight to height, a diagram was constructed whereby 
surface areas may be obtained conveniendy and accu- 
rately, from values of height and weight alone ( 1390) . 
A comparative evaluation and statistical analysis of 
the method applied to 252 measurements of surface 
area from 0.05 to 3.0 m^, indicated a margin of su- 

J^r the graphical method in respect isr 
curacy especially in the case of abnormal body types, 
as compared with the well-known DuBois height- 
weight foW^, A. €miisidtrsi&&n of the rationale of 
the anthropometric relationships involved (from the 
prenatal to the ''giant** size), indicates that they are in 

and development of the human body. 

Subsequently, a convenient and rapid photographic 
technique (1^) di dtmhkig^^^ be used 

for the calculation of human body surface area was 
described (1395). The results, which were in good 
agreement with values obtained by « reliable method 
of readings from a chart, provided additional support 
for the application of the increasingly important 
t>hotographic D^ttldd ^ qusendtdlte lii htiifisai tb^ 
ogy. Data were also obtained which suggest that the 
surface area of dogs may satisfactorily be estimated, 
wMi a modification iii ailctda^i^n, by the same pre- 
viously reported chart method used for human beings 
(13£f5} , In the mne j^per, empirical equations for 
#e eidflciiM^i^ of body volume (and density) 'm man 
based essentially on measurements of weight and height 
were developed and tested in respect to measured 
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values obtainable from the literatispe. The statistica 
evaluation and the criteria of convenience and rapidit 
in use, rather than more restrictive theoretical con 
^derations, indicate the superiority of predominantly 
empirical relationships as the methods of choice fo; 
the prediction of body volume. Comparison of thi 
reliability of the results with those obtainable by estab 
lished methods of quantitatior) indicates that thes( 
equations may be useful as approximate, but mos 

As an alternative to the diagram used in the graph- 
ical calculation of human body surface area fron 
height a^ivd^lft«£@g^^ of Sendvo^ 

and Cecchini, a line chart or nomogram was con^ 
structed (1398). The relationships involved have 
been published in the fc»rm #liftbMihdi<^ surface 
area for known hei^t and weight in man in twc 
biological handbooks (13^^ 1403) and in many texts 
and monographs covering various phas^ # biology 
and physkdc>gy. 



Swmmaxy 

Saliem eitmirSbtitibiiis hm& hmt If teeg^a- 

tors of NMRI in the field of body C6ini)dsi^dn and 
physical characteristics as follows. 

A more reliable index of physical fitness, or index 

of obesity, was developed in the use of body density 
rather than weight. This was followed by the concept 
of lean body mass, which has been widely accepted 
and proven most useful. The associated value of 72 
percent water in lean body weight may be regarded as 
an important biological constant. Studies of inert gas 
exchange kave contributed to better understanding of 
the phenomena of "bends" in aviation and underwater 
operations. Habitability studies in respect to popula- 
iiicm diWl^y Miji0 shown the relationship of body size 
and composition to existence in close quarters. New, 
more reliable methods of arriving at a value for the 
hoif -m^m oi human bii^p imA dogs) have 
been die^^^>ed to provide a replacement, with ex- 
tended ^i^fcation in range of body size, of methods 

The acceptance, na^Glfldtion, and use by other work- 
ers of the concepts ad^l^eo^^ and the means and meth- 
ods developed for their trafe, m& m b^SM^mM their 
value as outstanding: contributions to physical anthro- 
pology and anthropometry. They represent, therefore, 
miisw<^ md saIttl3on» id kipioriftsnt fiiKiy^iiis^ liot only 
in naval operations, but also more generatty, ih activi* 
ties involving industry and public health. 
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IX. ENDOCRINOLOGY 

J. J. Christian 
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Research in endocrinology at NMRI began early 
IM? ^ iHves^^ms li V^^hner. 
There was also a significant anMTOSi 'i^^idocrine re- 
search by investigators from otl|(|f l^siipti^ of phys- 
iology. ^Sdiybdfillbh Iri paJiM^it fit^;ir^ %f 
personnel of various administrative divisions often 
m^de research possible that otherwise could not have 
baen carried out Notable in this respect was the 
opportunity provided for Nelson, Hume, Egdahl, and 
Richards to carry out a sustained collaborative pro- 
gram on the effects of various environmental and 
physiological stimuli on pituitary-adj^BiiisaMlil^ 
tion. Endocrine research largely centered around 
adrenocortical physiology and the role of the cortical 
hormones in the patiic^ne^ of^ or mistance to, 
radiation damage, infection, potassium toxicity and 
diabetes or pituitary adrenocortical responses to envi- 
ronmental f^toi^ jsn^ m mM, im^^ ct^aiei atoos- 
pheric COj, crowding and similar factors pertinent to 
the problems of the naval service. Such practical 
intibianas reqirire^l hmk re»eardi whitli WS8 in itself 
remunerative from both a|)})lied and theoretical points 
of view. Conversely, some basically conceived re- 
search had vM^md ^p0€&i&m iit MeMim soidi 
human (•( ology^ i^i^X^^^ military. There also was 
some research in reproductive endocrinology , most of 
'vvildlk ancillary to, or involved in, pituitary- 
a<liii@iiir^ re3earch. In reviewing the history of 
these problems, one is impressed by the faithfulnessi 
with which they reflected progress and development 
of the field as a whole. In addition, a number of 
investigators who came to NMRI for 2-year tours of 
duty contributed importantly to the research and 
gain(xi ( ollal^orative experience and contacts whti^ 
had a lasting impact cm endocrinology^ 



It is appropriate in reviewing endocrine research 
at NMRt to iiKs^uss it by pit^fams rather than to 

present a strictly chronological sequence. 
The early investigations of Vollmer, beginning 1947^ 

ance to infections. There was a widespread belief at 
that time that cortical hormones conferred resistance 
t^ the effects of infectious disease, based largely on the 
well-known vulnerability of adrenalectomized animals 
and man to infection, and the similarity between the 
effects of adrenalectomy and many symptoms of shock, 
radiation injury, disease, and other detrimental stimuli. 
Related to this program was the problem of the Water- 
house-Friderichsen Syndrome and its prevention in 
acute massive infections. A survey of theliterature at 
that time indicated that only those patients survived 
who had received some sort of hormonal support. 
Hmmmi tad^^ pure cortical )»»«^^ ve^pmtH&m 
could not be made between the need for corticoids in 
general metabolic well-being and their specific effects 
on medianisms of host rcsfefeflfi^. M ^ ^S^M^md 
late 1940's several reports were in existence claiming 
that adrenal extracts, when given at the same time as 
mtigmt, ^fntmrnt^ m^lboif ilMEialltiii. Vollmer^s 
experiments indicated that adrenal cortical extract 
(ACE) (cortisone and hydrocortisone were not avail- 
able then and pra^liidli!i@&ddli^^ 
hormones in biological fluids had not been developed) 
increased survival of mice with light, but not wth 
heavy pneumococcal infection (1676). However, 
ACE in large doses had no effect on immunization 
with pneumococcus vaccine as shown by subsequent 
challenge with living organisms (1679) . When pneu- 
mococcal infections in mice were attenuated by sulfa- 
diazine, ACE had no effect on final mortalityj. although 
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it did prolong sunaval time (1681). The concept 
adrenocortical exhaustion following prolonged hyper- 

was widely accepted in the late 1940's and early 1950\s. 
In this context^ experiments with pneumococcal in- 
fectioEis !N1 t&^^^fl^^ itrfght 
result in early and rapid adrenocortical depletion and 
exhaustion which were only partially alleviated by 
ACE (1680). These experiments were addressed to 
the problem of infectious disease in naval personnel 
with the aims of improving methods of treatment, 
preventing mortality in the Waterhouse-Friderichsen 
Syndrome, and exploring the relationship of the 
adrenal cortex to infectious disease in general. The 
ideas of that time are now largely of historical interest 
since the availability of cortisone by 1950 and Sf i^er 
pure corticoids later, too ether with the development of 
methods for directly measuring adrenocortical hor- 
mones, almost reversed these earlier dieotias jpegaiding 
the role of corticoids in infection. This change was 
first reflected at NMRI by experiments showing that 

ity in mice from Japanese B encephalitis, but that low 
doses had little effect (1682). Subsequently it was 
ntmm Ibat el»<diSd^le markedly enhanced Coxsackb 
infection in adult mice (175). These results were 
consistent with a large amount of work of others on 

that stimuli which increased endogenous corticoid pro- 
duction should decrease host resistance and enhance 
infection. Again using 0«f2iaigi!clde itf^ction in aMt 
mice, it was found that cold exposure had the same 
effect as cortisone, but that elevated temperatures did. 
not enhance the disease ( 1 76) . It feticw clear that the 
cold increased glucocorticoid secretion and thus de- 
creased host resistance, whereas heat probably in- 
creased aldosterone and not glucocorticoid secretion. 
Thyroid hormones may also ha\ c been involved, as 
their secretion is increased by cold and depressed by 
heat. Finally, it was shown that crowding, as a stimu- 
lus to increased adrenocortical activity, depressed in- 
flammation and experimental granuloma formation in 
mice (249). 

These experiments cIfHia% Smmt^lmteA ^vm- 

corticoids have an adverse effect on the nonnal 
mechanisms of defense against infection and on the 
reparative processes. The cHiiicai tejp»tkiti6M leife 
ob\ious and now well known. Earlier work with 
adrenocortical extracts suggesting beneficial effects are 
pt^hltf e?ep!ial»alfe by the preseiiCe ti^ MhW Mf- 
inones in the extracts. 

Beginning in the 1 930's there was a school of thought 



which attributed many of the effects of disease and 
tissue damage as well as one of the causes of shock to ex- 
p6td!iii^ int^t sitt^ ill part fmin the similarity 
of these conditions to the effects of adrenalectomy with 
its high serum potassiuna levels. One of the principal 
proponeate df Ifie idea ^vas R. L. SS^mner if^o in the 
late 1940's recommended his investigations on potas- 
sium toxicity at NMRI. He had earlier shown that 
adrenocortical hormones protected against potassium 
toxicity. The importance of this program to the Navy 
was in the possibility that potassiiun poisoning follow- 
ing its release from damaged tissues might explain 
some of the deleterious effects of radiation and might 
be important in the genesis and treatment of shock. 
The uniformity of response to potassium also suggested 
its use as an experimental tool to evaluate factors in 
host resistance. With this aj^porach an active collabo- 
ration began between Vollmer and Zwemer. 

l^yi^tti^ to potassttxtn smd symptoms of potassium 
poisoning are remarkably uniform and unlike many 
other toxins, it is toxic in amounts in relation to body 
we^^ tot 2L wide variety of vertebrs^ sped€S ( 1 796) . 
Glutathione (GSH) was known to decrease the lethal 
effects of radiation and. to protect against alloxan dia«* 
betes. Also, it is abun^imt in 1^ s^et^ 
lowers adrenal ascorbic acid. Therefore, it was 
thought that the adrenal cortex might be involved in 
^ prdtaeiS^ ^^ffieCt^ of CrSH. was 

found to ha\'e a marked protective effect against potas- 
sium toxicity which appeared in large part not to be 
mediated by the adr^rml mtm^ ( 1 797 ) . Nevertheless 
it was concluded that at least part of its protective 
effect stemmed from increased adrenocortical activity 
^ce it reduced adrenal ascorbic acid and cholesterol 
(207) . The question presumably was settled by show- 
ing that GSH had the same protective effect against 
potassium poisoning in adrenalectomized mice (1033), 
and that mice satisfactorily tolerated parenteral doses 
of GSH well above those used to confer protection 
against potassium ( 1683 ) . Oxidized and reduced GSH 
indse^ased hlmA m^^SfAitfl (SH) levels and both pro** 
tected against potassium toxicity. Therefore the pro- 
tective effect of GSH could have been due to increased 
bl0od SH fe^Is. Hofwev^) the rates of decBne of SH 
levels and protecti\'e action were not the same so that 
SH levels were not directly related to the protective 

sitated consideration of other mechanisms. Interfer- 
ence with blood respiratoiy processes seemed possible, 
especially m WiM ^ ^^S^'ategry'tf^^ 
Methemoglobin pro#(i(iiilt was used to disturb hki^ 
respiratory processes and the relationships betwee^i 
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Its pf©(iuction and blood levels of GSH and SH were 
studiied (tWS). Paraminopit>pidpfc^«r6 (RAW) 

and sodium nitrite^ were selected as niethemoglobin 
producing agents, because both confered protection 
i^atmt radiation injury and cyanide poisoning; also 
PAPP produced methemoglobin indirectly and sodium 
nitrite directly. Both compounds elevated SH levels 
appreciably and lowered GSH slightly in vivo, but only 
sodium nitrite had these actions in vitro. There was 
some parallelism between methemoglobin formation 
and SH levels, and in the absence of methemoglobin 
formation the chsB^fei^ GSH and SH did not occur* 
Thus these changes occurred in vitro and in vivo in 
association with the direct production of methemo- 

indirectly acting agent, whereas blood GSH levels were 
lowered and SH unaffected by alloxan which is a poor 
producer of methemoglobin. Tlxese mpmmmis also 
demonstrated that a}-)preciable incn^^nts in blood SH 
were compatible with survival. Thmm WS^iS^ of 
particular pefitli^Ge fo nav^ nt^^idhe b^iise of 
numerous reports implicating SH compounds in one 
or another aspect of shock, radiation injury, or re- 
sponse to other harmful agents. Based on reports that 
GSH protected against alloxan diabetes, that SH was 
involved in the pathogenesis of diabetes, and other 
pertinent evidence, additional experiments were com- 
pleted in which it was shown that both PAPP and 
sodium nitrite protected against alloxan diabetes 
(1687). Continuing this same line of reasoning and 
in view of the fact that prolonged hypercdrtiealism re- 
sulted in diabetes, the effects of cortisone and ACTH 
on blood SH levels were explored (1686). However, 
mfdier wsh^mm imd a consistent ^^et om WsoA ^ 
levels. In a review (1689) Vollmer concluded that 
few, if any, fundamental relationships between en- 
docrine function on 4i0eam smA WR levehl&Ld been 
proved. At the same time, it was realized that a 
heterogeneous variety of agents were similarly protec- 
dlve against alloxdi^ dlabtiti^, Itot ^s£t ldl iS^ had in 
connnon was a marked Generalized toxicity at protec- 
tive doses, thus suggesting a common nonspecific mode 
of action via ^hefe- iswirfty, possibly the release of epi- 
nephrine and norej)inep!uine from the adrenal me- 
dulla. Indeed, epinephrine, but not norepinephrine, 
was found to have a striking protective aiSfibn againit 
alloxan diabetes wliich was unrelated to a concomitant 
hyperglycemia. Therefore the various protective 
i^fmls niay hme produced their effects through the 
release of epinephrine. The mechanism of action of 
epinephrine in this regard was unknown, although a 
vascmiotor Gomponent may have been involved ( 1 69 1 ) . 



Thus a program which had been started in order 
m kvesigarte i^ mlt Gi lite itdree^ ecjreest aiid its 

possible protective action against harmful agents cir- 
cuitously returned to the adrenal^ but to the medulla 
rather than the cortex. In following this devioair tell 
logical p&A much insight was gained into protective 
mechanisms, and many hypothetically protective sub- 
stances or mechanisms were systematically pro- 
scribed — a necessar)' and importsmt function of 
research. Also the basic problem became more clearly 
defined and avenues for further investigation sug- 
gested, although no panai^ for xadiaiion injury 
evolved. 

Zwemer and others had long recognized the similari- 
des betwem iboek mA pc^Mvm f^^somB^^f^ Wj^ 
gested that shock might at least in part be the result 
of the release of potassium from damaged or hypoxic 
ensues into the esrfci^tt^l^ Isad 
gested on the basis of similar observation that the 
release of histamine might be important in the genesis 

tration in blood or extracellular fluids were found to 
be sufficiently high to produce toxic symptoms. How- 
ever, the combined effects of the release of bdifll irf 
these substances from tissues might result in shock 
where neither one alone sufficed. In subsequent ex- 
periments it was demonstrated that simultaneously 
administered potassiimi and histamine acted synergis- 
tically, and not simply additively, in producing toxic 
phenomena and mortality (1798). Addition of a 
small amount of one of these substances greatly en- 
hanced the toxicity of the other. The synergism can 
not be explained by the ability of histamine to increase 
M0OA po^ffi^um fevdi^ a$ it does not have this effect in 
all species. Nevertheless, it was concluded that simul- 
taneous release of histamine and potassium from 
traumatized or hypdsii^ #|jBue into diet gi^i^t^ #r^pAeL-* 
tion could explain effects beyond tfa^e attributable to 
either substance alone. 

R^l^^ infiity & many ways su^ested altered 
adrenocortical function and thus led to interest in 
adrenal cortex. Early experiments on the role of the 
wirm^l ctwte in radiation trrjury and mortally fc- 
pended larij^ely on a variety of indirect methods for 
assessing adrenocortical function, as direct methods 
for measuring cortical secretion were not s^illSfe. 
In 1949 the Radiation Di\ ision of NMRT used urinary 
1 7-ketosteroids to assess adrenocortical function more 
directly following irradiation (&53) . RSidia^A was 
followed by a significant rise in 1 7-ketosteroids in dogs, 
indicating increased adrenocortical secretion. Sub- 
sequently it was shown Aat adi^Mi^y luci^cs^ed 
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the sensitivity of mice to irradiation and markedly 
increased mortality (336). These investigators also 
demonstrated^ as mentioned easier, that glutathione 
had some protective action against radiation mortality. 
F. Ellinger foimd that cortisone in rather high doses 
increased mortality from radiation (477) and also 
carried out a number of other fmi^l^m'wM m il!^ 
tionships between steroid hpnncms and radiation 
damage (479). 

Interest in adrenocortical function following irradia- 
tion continued beyond these earlier experiments nnd 
an extensive program was begun using perfused calf 

adrenals and of adrenals from irradiated animals. 
This program started as a collaborative effort between 
&iiodriii0logy Branch of NMRI and thi^ Wdites- 
ter Foundation for Experimental Bioloc:y headed 
by Gregory Pincus. The latter institute pioneered 
tissmdtt hi BiStm&^^ developed 
the necessary techniques for adrenal perfusion and 
steroid analyses, while NMRI had the equipment and 
techniques needed for irradiation of the animals. Lt. 
Gomdr. George Rosenfeld, MSG, USN, competently 
carried out the Navy's part of this program and was 
eventually responsible for a major part of the entire 
program. This research provided basic information 
on corticosteroid biosynthesis in irradiated and non- 
irradiated adrenals. 

The first results to come from this program were 
published jointly by members of the staffs of NMRI 
and the Worcester Institute (1325). Radiosensitivity 
of the adrenal cortex was demoiimslted^aff the appear- 
ance of a marked dec » ease in the secretion of corticoids 
by gamma-irradiated isolated . perfused adrenals stim- 
ulated by MTHL R«due^ si^^lta^eiiii i^ii^ecled 
impaired activity of all of the invoK ed en/ymatic sys- 
tems (1632). Concurrently, steroidogenesis in intact, 
nonirrmSatisd perlbsed €a£f wlbm^ v^ sftidfed 

relatively simple exjXM-imental conditions in order to 
establish baselines and to validate procedures (1326). 
Oxygen was found to be necesHwy for steroidogeneris. 
ACTTT increased the hv(hcKortisone to co? ticosterone 
ratio and in addition increased total steroid production 
aiii^ aug^erUe^ #ie r^khiction of adrenal choleiteidl 
and ascorbic acid. Ascorbic acid was not essential for 
steroidogenesis, and added GSH^ as well as high levels 
of iotibo* sutistamcess mmi^f SimsA ha blood, did rm 
alte^ Stcroidoo:^ nesis. ATjP the only substance, 
9Mt kom ACTH, iSil^ stimulating acticm. 
Fieilused calf adrenals iivere found to secrete a sodituYt- 
retaining substance tentatively identified as aldosterone 
(1321^ 1327). Secretion of this substance was im- 



affected by growth hormone, possibly increased by 
ACTHa and definitely incieased by a lowered Na/K 
lal^ in l]ie p^fiisal^ (1332). IteK^terial pyrogens in 
whole blood, but not in an artificial medium, inhibited 
steroidogenesis by general suppression of enzymatic 
activity, thus implying that some substance in whole 
blood was necessary for this effect of pyrogens ( 1328) . 
Acetylcholine, and to a lesser degree methacholine, 
directly stimulated steroidogenesis in vitro, while car- 
bachol, pilocarpine and nicotine had no effect. In- 
creased adrenocortical secretion following splanchnic 
stimulation in some species tlius may be due directly 

Using radiolabelled precursors, it was shown that 
the C20-21 side chain of corticoids was derived di- 
recdy from die ssune side-chain on cholesterol (212). 
Studies with enzpne inhibition, such as amphenone B 
or irradiation, and aerobic and anaerobic perfusions 
!&owed that decreased adrenocortical metabolism was 
always associated with ch c k ased steroidogenesis but 
not necessarily the converse, and that there may be 
a mariced dissociation between metabolism and steroid- 
ogenesis (1330, 1334). Anaerobic perfusion resulted 
in decreased activity of the hydroxylases in steroidogen- 
esis. Furthermore, adrenocortical tissue rapidly oxi- 
dized Meyerhof-Emden and Krebs- Johnson carbohy- 
drate intermediates in contrast to amino and fatty 
acids. Studies with selective enzyme inhibition con- 
firmed the role of glycolytic and terminal aerobic path- 
ways in adrenocortical metabolism. Amphenone B 
was found to inhibit IIB, 17a and 21 hydroxylation 
and oxidatimi of the A^SB hydrdscyl groruf)^ €o llie A4- 
3 ketone. In other words enzymatic reactions essential 
for steroidogenesis in the adrenal ester were blocked. 

less effective than amphenone (1333). A scheme de- 
rived from these and earlier studies was published for 
adrenal 8terc»iE^g^ri^ % 

Anterior j)ituitary hormones in addition to ACTH 
were tested for their ability to stimulate adrenal steroid- 
ogenens, but n^Tnetsxeept AC3TH had any effect flS35 ) . 

The (lesi lability of usini; urinary steroids to assess 
adrenocortical function following radiation prompted 
^ Jtudy of urinary occretibn of labelled corticoids. 
However, it was found that biliary route was a major 
channel for excreting steroid metabolites by calves; 
to that urinary studrt^ if<^d have Ifultt value ( 1633) . 

Having obtained the basic informatfeti OH steroido- 
genesis by perfused calf adrenals^ attention was turned 
again to the effects of radiation on adrenocortical 
fu net ion. In these studies the animal received a single 
lethal dose of whole-body radiation in the NMRI 
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Oc^ irradiator and the adrenals were subsequently 
ranovcd at various time intervals and perfused. The 
general effects of a single lethal dose of gamma radia- 
tion on the animal and the technique of irradiating 
the calves were described ( 1337). At the same time 
it w.is slunvn tliat the strroidogcnic capacity of the 
adrenal cortex increased within 24 hours after irradia- 
tion, declined to nortnal by tile f^we&k %y and rose 
again prcterminally. The preterminal secretory ca- 
pacity was appreciably less than that at 24 hour^ and 
the secretion per gram ^ a^irafidl m&i reduced 35 
|^err(Mit, hut steroid secrcticMi per gland in terms of 
body weight was 25 percent above normal. The adre- 
nMs were markedly hypettmpliied t^p^^ m 
evidence of cortical **dysi;enesis" or "exhaustion'' de- 
spite generalized sepsis, toxemia, hemorrhage, anemia, 
and otfier pathologic secjuelae of teH&ition (1336, 
1338) . Thus they were "holding their own" at death. 
Frpm these results it was concluded that the concept 
of **adrcnal exhaustion" following prolonged hyper- 
stimulation might be misleading or erroneous. This 
concept had arisen largely from the morphological 
changes, including loss of lipid, associated with intense 
stimulation of tlie ailrc'nal cortex. It is now known 
that active secretion is associated with a loss of intra- 
cellular lipid and other changes originally considered 
to be synonomous im^ '^ea&aniti^^ ''iHkm RcRM^ 
feld*s conchisions concerning exhaustion hi!Si(^ f <€iceived 
considerable support from more recent w^l^ 
CS^tl^a^ HfM^ ^Sme mitmomr^ms^ meS^, the 

secretion of norepinephrine and epinephrine by the 
perfused calf adrenal was investigated in collaboration 
a gitmf) fytm NIR (1^). tisb gbmds sytt** 

thcsized tliese catechol amines aiitonomouslv from 
dietary tyrosine, hydroxylation of tyrosine to DOPA 
was the rate limiting step, and norepinephtihe was 
converted to epinephrine if a suitable methyl dcipr 
was provided. Catechol amine biosynthesis was strflk- 
iagif reduced by anaerobic perfutskm. 

The la^i n port from tliis productive program ap- 
pared in 1 96 1 after Rosenfeld had left NMRI ( 1 340) . 
This reported the effects of altering electrolyte con- 
stituents of tile jjcrfusate on adrenal steroidogenesis. 
None of the ionic alterations except elevated potassium 
affected hydroxylase or hydrogenase activities. In- 
creased potassium stimulated increased steroid secre- 
tion. However, omission of calcium, while having no 
immediate effects, eventually decreased corticoid se- 
cretion. Dinitroj)heiK)I increased adrenocortical me- 
tabolism, but depressed corticoid production by inliil)ii- 
ing the activity of steroid hydroxylases. Rosenfeld 
summarized in essence the results of ^ prt^ram with 



a scheme for adrenal steroidogenesis starting with 
simple caribofcydrate precursors or cholesterol, includ- 
ing the enzymatic reactions and metabolic intermedi- 
ates for converting cholesterol to pregnenolone and on 
to corticoids. It was suggested that AGTH acted to 
stimulate the conversion of glycogen to glucose-1- 
phosphate and not directly on the conversion of 
cholesterol isb fl^epHgiiiiaii^ This meiSisb^xM and 
extensive program cleared away much of the mist 
shrouding the effects of irradiation on adrenocortical 
Icmed^ md pimlBiA mw^ irsduslde basic infoima- 
tion on adicnocortical steroidogenesis. 

In another study concerning the adrenal cortex 
Lt. Comdr. J. J. M&i^&mm, MSCy DSN, evaluated a 
series of enviionmental factors causing; \ariations in 
levels of hepatic glycogen in adrenalectomized and 
intact mice (1035). This woric was preliminary to 
subsequent studies on^e lektkHodiip of dectiolyfees to 
liver glycogen. 

We have seen how, beginning in 1947, research at 
NMRI reflected and contributed to a remarkable 
advance in knowledge of adrenocortical physiology in 
little over 10 years. We have also followed the research 
along unpiedieled ms^mnem leads dev eloped from 
successive experiments, as illustrated by the progres- 
sion from adrenocortical hormone protection against 
eo^ia&a no^ddiis^sti^^ against aUoxsm 

diabetes conferred by epinephrine. One cannot avoid 
noting that behind much of this work was a conscien*- 
tious effort to fulfill ^ Nier^ 1^ i^l pi&mAm 
measures ay;ainst radiation injuiy in humans. In- 
dividual experiments by themselves may not appear to 
have been rek^ ii^r^ pitkAiBamy hm M i^e%^ 
programs as a whole, the pertinence of tliese researches 
to the welfare of naval personnel is obvious. How- 
ever, ta^tim hi onfyoiie i# many potentially injurious 
agents which may affect naval personnel under combat 
conditions; suA^ xese^^ apace on the effects 

of otfier agents on ndrmo&Ofetimli fimetion. 

A marked increase in reseaifcfc IMS adn nocoi tical 
physiology occurred in 1952 vrfth the arrival of Lt. D. 
H. Nelson, MC, USNR, and Lt. D. M. Hume, MC, 
USNR, and their active collaboration. Neljipiljohied 
the Bndocrinology Branch early in the year and 
brought i^th him his techniques for measuring urinary 
and plasma corticoids. Somewhat later Hume joined 
the Circulatory Studies Group of Physiology and added 
his surgical skills and his knowledge of hypothalamic 
control of j)ituilaiy function to the collaborative effort. 
Hiey first chn eloped their classical method for chronic 
cannulation of the right lumbo-adrenal vein in dogs 
usii^ a choker device around tiie adrenal vein to re^- 
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late flow through the cannula so that blood samples 
ccmid be csdlc^f^ ^ftattt^ sat any time there- 

after for analysis of corticoids from unanesthetized 
animals (804, 806) . An improved assay for ACTH 
was developed based on this technique and the meas- 
urement of corticoid levels in the plasma from the 
catheterized lumbo-adrenal vein of hypophysectomized 
dogs ( 1180) . The dogs could be used repeatedly and 
the method was useful in a range of 1 to 10 milliimits 
of ACTH. Corticoid production during operative 
trauma, in hemorrhagic shock, and in response to 
ACTH was also stulBfid 1^ same techniques 

(804). Operative trauma increased corticoid secre- 
tion immediately, and independently of changes in 
blood Smtilm»a^ Ite aiii^eiial, to lei^ tiHieh p^aieHr 
than those during convalescence. Despite reduced 
blood flow, hemorrhagic shock resulted in sustained 
high levek of corticoid secretion which fell only when 
blood flow approached zero. These same responses 
were observed in hypophysectomized dogs receiving 
ceaitbmous mfiisfe»ns if i^^^ 

ably were extra-pituitary factors anhandfig COjHdcmd 
secretion in these circumstances. 

M. R. H. Egdahl, MC, USN, jomed this group in 
September 1953 and an investigation was undertaken 
of the effects of hypothermia and cold exposure on 
adrenocortical fimction. These subjects were of in- 
terest to the Navy because of the potential usefulness 
of hypothermia in surgery and because of the threat 
of cold exposure to personnel in naval operations in 
the Arctic, Antarctic, and other cold climates. 

Hypothermia produced a fall in 1 7-hydroxycorticoid 
secretion in anesthetized dogs (460) which was 
brought about by a marked decrease in secretioii 
ACTH, as well as an adrenocortical adrenal refractori- 
ness to ACTH (454). The effect on the adrenal 
apparently was due to lowered temperature directly. 
On the other hand 1 7-hydroxycorticoid secretion re- 
mained at basal levels when unanesthetized dogs were 
Gcposed w -- to® C, tot hma 1 fe^ M h&mt, Ctegs 

apparently do not respond to cold with increased 
adrenocortical function as do many other species, for 
exmnpie rats f IIM) . 

Lt. J. B. Richards, MC, USNR, also well traiaeiA 
in procedures for measuring steroids, joined the Ft^^ 
iology fiS^^i^ iitid begsnn cGMMUnai^m l^ytecof , 
Hume and Edgahl in July 1954. Nelson and Hume 
left NMRI in December 1954, but the program con- 
tinued wlih RSbhardii replacing Nelsdit saiiid Egtfahl 
continuing Hume's role. 

One of the more bizarre aspects of this program was 
deterrc^^iiiH^ ^ ieoricsdid wmMm hi n hypothermic 



black bear cub, a presumptive hibemator. Its prin- 
cipal corticoid vm hyiirocot^scm^ ita msi^m 

fell, as in dogs, with hypothci mia {4^% Egdahl and 
Richards (436} further investigated &e#ffects of cold 
exposure on unanesthetized dogs. After an lidM rise 
following exposure, hydroxycorticoid levels fell to nor- 
mal within 1 to 3 hourS;:aiiid. remained there during the 
balance of exposures at *-4fiP to —50° C. for up to 28 
hours and at — 79° C. for up to 5 hours. Healthy dogs 
remained normothermic with these exposures and re- 
mained responsive to ACTH despite the return to 
normal levels of corticoid secretion. Surprisingly^.<H«tfe^ 
adrenalectomized dogs withstood rqually well exposure 
to -46° to -50"" C. for 4/2 hours and one to -5° G. 
fm 8 hmm (4^) . In contrast, dog$ subjected to 
hyperthennia had a rapid rise in rectal temperature 
and a twofold to sevenfold increase in corticoid output 
wh^ was abofiisMl 1^ hfpo^^^i^mmif (t9ld>. 

Thus dogs responded in rndirally diflerent fashion to 
hypothermia and hyperthermia, the latter having a 
matted stinmlato^f m mtliis^ ^retidn. 

The efTects of reserpine and chlorpromazine on 
adrenocortical function were also explored (455, 459) . 

Gcmpmmisy when given atiutety^ sin^jdiated hy- 
droxycorticoid secretion, especially at higher doses, and 
the resppD^ ym ai>olish^d by liyppghysKK:toi]ay. How- 
ever, all doses of i^serpine ^ceed^ minlinal toxic 
levels. The only dose approaching a nontoxic level 
produced a minimal response. Chronic oral admin- 
istration of nontoxic doses of reserpine inhibited pitu- 
itary adrenal function in singly caged and grouped 
mice (244). The eflFect was more pronounced on the 
latter. Other workers concluded later that reserpine 
acutely stimulated ACTH secretion, but chronically 
inhibited it. However, the differences in dosage with 
respect to toxicity probably were the most important 

The problem of maintaining atmospheric conditions 
within tolerable limits during prolonged submei-sion in 
subniarinea» m miai&^miiffy d^films^ tpam i^t, 
prompted €dc^l0ration of the effe^^ elevated ambient 
CO2 levete and altered acid-bas^ laiance of the blood 
ofiadteme^^ieitseeretion. Cii^afli^rgfimi^^ 
pH or COo-tension increased corticoid secretion mark- 
edly (1313). Exposure to elevated ambient GO2 for 
1 hour had a amilar effect uiax^i^h^eiKdl^^k^; At 2.5 
percent CO_.. 10 percent of the dogs responded with 
increased adrenocortical secretion and the numbers 
tesponding inctieaised - vMt Imm^ttg <3£>2 levels 
(1311). Unanesthetized clogs responded to a more 
marked degree with three of five showing increased 
adrenocorticsd secretion of 2.5 percent GOa and all 
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d0gs at 15^#sr 5 percent or more of CO2 (1314). 
The increased secretion rates were transient at the 
J,5 md 5 jp$tJ:Q^Jit levels of CO2 and sustained at higher 
^bmlf. EeajgiBt exposures to and increased concentra- 
tions gI CO2 produced ^ipl^iii^ greater 
SCGTetion of steroids. Exposure to CO2 produces res- 
piratory acidosis which increases with increasing con- 
centrations. Thus mere^n M^bient GO^ stiimilate 
increased adrenocortical sai:;!^^ dtoqiJy, 
through acidosis, or both. 

the personnel burned in the fire aboard the U.S.S. 
Bennington in 1954. They found that increased secre- 
tion of adrenal eorticoids persisted for as long M 2 
weeks after burning and then in uncomplicated cases, 
fell to normal values in blood and urine. Coirijplica- 
tions resulted in secondary rises in corticoid secretion. 
At no time was there evidence of adrenocortical failure 
or "exhaustion." These results indicate that the use 
of cortisone, AGTH, or both in burn cases is unwar- 
ranted and might be hazardous, especially as there was 
iiidi^ of compromised pituitary^adrenocortical 

"Stress" in military personnel under combat condi- 
tions is of direct interest to the Navy. Accordingly, 
the Navy participated in project "FAST" which was 
a joint military effort to evaluate ''stress" in combat 
personnel during the Korean conflict. NMRI was 
represented by Gomdr. D. Minard, MG^ USN, who 

mis imp^m&^&^^ wtete i^nd otte fi^i^^gW 

evaluations. A variety of measurements, largely in- 
direct, were made to assess adrenocortical function. 

stress there is adrenocortical stimulation, although 
there was wide variation between individuals (1129). 
liititim were edfflected for later determin^ipij ^ ste^ 
roidsby Pincus and Hoagland of the WOtmt^&Stmti'^ 
dation and Forsham of San Francisco. 

J. j: iiffl^^Dte^^ mtmmmi in 1951 and 

began research on the efTects of crowding and changes 
in po|)ulation densitjf on pituitaij-adrenocortical and 
rqjroiuctiti^ fbMti^ girewftl, Itiiifva and mecha- 
nisms of host resistance. This program was based on 
his hypothesis that density-dependent endocrine feed- 
back systems controlled population growth and decline. 
D. E. Davis of the Johns Hopkins School of Hygiene 
and Public Health collaborated in parts of this work. 

First it was demonstrated that adrenocortical weight 
fci^ased and weights of the thymus, gonads, sex ac- 
cessories, and body decreased as the number of male 
mice per cage increased. These changes were greater 
in ^ggressi^ brpwn Iw^ais^ OTicef than m i»or^ diddle 



albino mice suggesting a behavioral component in the 
genesis of the endocriaae and mimiitia thmges (2^ 
241). Similar changes occurred in response to in- 
creased numbers in similar experiments but with cages 
80 times m large (2471, &^<^tinf^ flial^ tfxe 
changes were a function of numbers and not of density 
per se. The endocrine responses were shown to be 
related mioiMmik (iiatiis) and therefore to social 
competition (376) . Dominant animals were least and 
subordinate animals "^ost affected. Fightin^^ 

did not contribute to the adrenal and reproductive 
responses to grouping (252) . Although chronic treat- 
ment with reserptee suppressed |i[Miaa[j^2^^ 
cal function, its effect on the resfi^ils to grouping 
were quantitatively far greater than o^ isolated nuce^ 
further implicating socio-psychological factors in the 
genesis of endocrine responses to increased numbers 
(244). Adrenocortical activity was not increased 
either inanition or by increased competition for food 
(250). However, inanition affected reproductive 
function adversely and independently of a generalized 
iii&tlspecific pituitary-adrenocortical response. These 
^pe|ljnen£fel-established that social competition ("social 
pressure") was solely responsible for the increases in 
adrenocortical and decreases in reproductive function 
li^^oigyti^ increases in population size. 

When mice of both sexes were crowded together, 
diminished fertility and greatly increased intrauterine 
i5ii«i%^^^is*i^^ 'fSg^B^tenaf^ri«ti^^ 
the females from crowded conditions were stunted at 
weaning, but not at birth, as were their young in turn. 



effect to inadequate nutrition during the period of 
nursing, probably due to inhibited lactation. The 
mechanism by which the young of die third generation 

were similarly affected is unknown. Thus crowding 
of females adversely affected at least two generations 

##e&pogs^yi 

It was hypothesized that an increase in adrenal cor- 
ticoid secretion in response to crowding would inhibit 
%^^mmAm and mpe^mem£ gmt^^ 

paralleling the effects of hydrocortisone injection. This 
h)fppth(|si|5 was confirmed (249) . Along similar lines, 
"ilSlffngeT reported that grouping enhanced radiation 
mortality and that single-caging was essential fbr re-^ 
producibility of mortality curves (480) . 

The preceding experiments followed a basic plan in 
which young were singly caged at weaning, 4 weeks 
later placed together in groups of various sizes, and 
measurements made a week after grouping. This, 



the question of whether these same responses would 
occur to increasing numbers in freely-growing popula- 
tfers. ItefdE^, i^^eiittients vme em^h^ in 
which a few pairs of mice were put in a large cage 
and allowed to reproduce at will. These populations 
were Mtcrifieed at ore or anolftef p^ht on growfli 
cun'cs, usually after grovvlh had ceased (248). The 
same endocrine and somatic responses to increased 
niflilBfefS t5e«m#mi as fe tJbe preceding experiments 
except that the magnitude of the changes was greater. 
Adrenal weight increased in both sexes with evidence 
of increased adrenocortical function. Maturation of 
young and somatic growth was inhibited. Birth rates 
and survival rates of yoimg were progressively depressed 
with increasing po])ulati()n size. Depressed birth rates 
were due to suj)pression of maturation, diminished fer- 
tility of adult females, increased intrauterine mortality, 
and probably in part to suppressed and abnormal 
spermatogenesis in males. Declining survival of young 
with increased "density" was probably dtie to dimin- 
ished lactation. Increases in preputial weight in fe- 
males greater than couM In^ ^lai^pd^^^ AfSI^T&m^ 
considered e\idence of increased adrenal androgen 
secretion. The combined effect of these factors (in 
i^^&miM pmp^yt&om in diffeirent populadons) was to 
slow and eventually stop population growth. \^oles 
{Microtus) responded similarly to increases in popula- 
te ittflie M>orm^ff 

Finally it was shown in a series of experiments with 
feral Norway rats^ voles {Microtus) , and other species 

^m, tties^ mem mspmm m conges in population 

occurred under natural conditions (247). Artificially 
reducing the size of populations of rats resulted iii a 
proportionate reduction in adrenal weight (correal 
mass) (242) and ^adrenal weights reflected relative 
population size in general (243). These results were 
supported by the close relationship between changes 
in adrenal and pituitary weight and changes in a 
population of farm rats studied for a period of years 
(247). Increased social competition produced by 
adding aliens or substituting aliens for residents pro^. 
foundly afTected the growth of populations of rats 
(374). For example, substituting a large number of 
Mses^ De^teltts & a ''high" population resulted in 
a striking decline from its original size. 

In a long-term study of a vole {Microtus) popula- 
tion it was iSi#«yii llra^ adbe»mt w^^^ ims^. piiii^s^ 
and reproducti\ e function in both sex^ negatively^ 
lated to population size (247). 

Th^t«iijdb^ a^^ ciftiidttasicais f program Wfsare 

snmnriailiasedj in son^ cas( s expanded, in several reviews 
(247, 255, t57) including a disciission of the biological 



basis of rodent control (246) ; and a report on the role 
of density in populations of mammalian reservoirs of 
ittnisiaii ^ihimm (3W) . fibe whole iddi # mSmi^ 

adaptive mechanisms in the control of population 
growth was reviewed in detail in 1960 and included 

In 1958 Lt H. Varon, MC, USNR, on 2 years of 
du^ in the Patholoj^ Division of NMRI, began a col- 

mechanisms involved in curtailing reproduction with 
increased population size, low social rank, or by other 
stressful stimuli, with particular attention to inhibition 
of sexual maturation. Evidence from a number of 
sources indicated that increased secretion of adrenal 
androgens following increased secretion of ACTH 
inight inhibft; fiCDduction or relei^^ M pituitary go^ 
nadotrophins, especially in immature animals, hence 
suppress maturation. Physiologic levels of adrenal 
androgens were found to be capable of inhibiting the 
secretion of gonadotrophins (1663). This work was 
completed after both investigators left NMRI, but 
1^ 'Sm €^mnentatic^ wm 4^sm at HMRI. 

Similarly experiments on crowding only females were 
carried out at NMRI with final completion elsewhere 
. Female udee TBSponi^ 1^ gitKipiiig im^ 
creased adrenocortical and decreased reproductive 
functions^, but the adrenal responses were much less 
tfit^ In itiales under sini^ eireumstances. Agdb 
brown house mice reacted to a greater degree than 
albinos There also was good evidence of increased 
adrenal androgen seei!e&ti in grouped jpte^e^. 

In 1955 a program was begun to assess the effects 
of high population levels on adrenocortical and repro- 
ductive functions and to explore the possible relation- 
ship of these to the pathogenesis of pioliferative non- 
exudative glomerulonephritk in woodchucks. Glom- 
erulonephritis was prevalent in a sample of these ani- 
mals killed for exploratory purposes early in 1955, and 
it was this disease, coupled with ideal experimental 
conditions, that made a study of these animals interest- 
ii^4 TM^^^mmhx OBe or ano&CT degree of severity 
was present in over 85 j:)ercent of the woodchucks 
{Marmota) on the Letterkenny Army Ordnance De- 

Tn the course of this study, the reproductive cyC^le and 
history of woodchucks was described ( 1448) . 

which will include those obtained with the support of 
NMRI, have appeared and will continue to appear 
wer a period dF yeafs 

Endocrine chanQ:cs associated w ith a sudden decline 
in a population of Japanese deer on James Island in 
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Chesapeake Bay were also studied under the aegis 
of NMR-l f SM^ . abnormally high population of 
deer (300 on about 300 acres) collapsed in 1958 with 
a loss of 60 percent of the population in a few weeks. 
Moderately severe glomerulonephritis was associated 
with the high levels of population. Hepatitis appeared 
at the time of collapse and 2 years later was marked by 
the presence of cirrhosis in deer that were alive at the 
time of collapse. Greatly increased adrenocortical ac- 
tivity at the time of maximum density and subsequent 
Mortality probably reduced resistance resulting in in- 
creased susceptibility to lie})atitis. Nkii^er hepatic nor 
renal disease accounted for the mass mortality. Fol- 
lowing the reduction in population, somatic growth of 
young incr^^ i0 piiEi^ti ^^S^^Bi ^mpst #Sireafleil 
from 40 to 60 percent and the renal disease underwent 
remission. Renal papillary PAS-positive granulation, 
§mii wfmpmmy WmSogy of the adr^iiti exmm 

pointed to potassium deficiency, foUowil]^ prolonged 
adrenal hypercorticalism, as the pufettivie: muse of the 

Thus between 1951 and 1960. pioneering experi- 
mental work at NMRI provided the major scaffolding 
fbr tlite stracttere of current concepts of population en** 
docrinology and placed the concept of density-depend- 
ent behavioral-endocrinological feedback control of 
population growth and size on a solid factual basis. 
From this basis, numeipus gnjups have b(^un fiirther 
work in this field. 

Besides the work on population endocrinology, sev- 
eral other investigations were can:figd mi^ by Christian 
and his colleagues. The first of these was a publication 
on the relationship of adrenal weight to body size in 
a large number of species covering a great fai&g^ 
sizes (238). A study of reproduction, development, 
and natural history of a population of bats was com- 
pd^sted |2S3). This lE^Iitdid d^it^ faisl^^ 
scriptions of the ovaries and testes of young and adults 
throughout the year, an analysis of adrenal weight in 
relation to reprodue&i^ said ek^msmfMm of toothwear 
and of annular rings of dentine in the teeth that could 
be used to determine age, Gomdr. M. Wheatcroft, 

mm, sm mp. |. m^ik dgj Tjm, ^ the 

Dental Division of NMRI assisted with the work on 
teeth. Finally, using data on breeding from the NMRI 

mmm mMhsi %^ife s^&t tite {if«^^^i£^tion of a 

15-hour daily light regimen, it was shown that a con- 
stant 15 hours of light per day resulted in a significant 
increase in the incide^ee of postpartum conception 

(1037). 

In 1956 Lt. E. Steinberger, MC, USNR, join^ ]the 
sssSlr B^i^ a series 0f 6?^^@dn^i& on 1^10 j^tec^ 



of various agents on spermatogenesis in rats. It was 
immSt^^tm i3^k^^b0mm^^ (TEM) in low doses 
(0.05 mg/kg) for 30 days reduced fertility but pro- 
duced no demonstrable morphological changes. How- 
ever, a higher dose 0.2 mg/K for 5 days, also produced 
morphological changes resembling radiation damage 
with damage to spermatogonia and a maturation de- 
pletion of germinal elements ( 1478) . These studies led 
directly to the later use of TEM to contml mtiml 
populations of pests by D. E. Davis. 

The damaging effects of heat on testicular germinal 
epithelium were studied, wisig 15-minute controlled 
exposures ( 1479) . There were no detectable morpho- 
logical changes at 41 ° C, a general progressive destruc- 
tion of all gertiiMdl elements sts^r^i^ inil^ Wpa^aas^&k 
at 45*^ C, while at 43° C. primary spermatocytes were 
selectively destroyed. These experiments clarified the 

m^mmtsfm dtempd ttefisfiidhal e{dthe- 

Hum with the conclusion that heat produces a specific 
type of damage which is masked by general destruction 

testicular damage due to heat differed li»>m that pit>- 
duced by TEM or X-radiation. 

Steinberger also carried out a series of studies tfta 
peritoneal absorption of fluids which have potentially 
great practical importance to the Navy in that they 
led to a simple me&od for rapid administration of 
fluids to injured personnel under field combat condi- 
tions. It was shown that hyaluronidase increased the 
rate of absorption of saline from the peritoneal cavity 
sufficiently to warrant its practical use (1477). It was 
further shown that phosphorylated hesperidin inhibited 
fluid absorption, probably by direct effects on perme- 
ability, and that this effect could be blocked by hya- 
luronidase. Adrenalectomy did not alter these efTects. 
However, hyaluronidase increased the absorption of 
i»f)pte^ejF^^^ cavity only s%htly 

whereas phosphoryfeiled hesperidiil blocked it Com- 
pletely (1480). 

Adlii^gii^ t^aaM^ idb&ig to fepi^tietive endo- 
crinology included demonstrations that spermatozoa 
could survive freeze-drying (1107) and that blood 
calcium and jff-globuKn levels of female pigeons rose 
markedly during egg-laying (1400). Other changes 
in plasma proteins of pigeons during the reproductive 
cycle l^ild w€t€ ife^jiffbisi. 

Miscellaneous endocrine studies were conducted by 
a number of other groups. Cortisone was found to 
incre^ iiioi^tall^ libi placetzumi gI aiortie grafts 
and to suppress the connective tissue component of the 
healiiig response (18). Thyroid pedicle grafts, free 
f&^sd^ autografts, and L-tri-iodothyrouine applied 
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locally in the ventricular myocardium of doc^s wdth 
total heart block shifted the cardiac pacemaker to the 

henrt rale from tlie bradycardia of heart block. These 
experiments, although preliminary, have obvious im- 
plications relating to therapetitfctnamgemciit c^^ 
block cases (557). Finally, R. F. Steiner has con- 
eerii^ himself since 1952 with the physical chemistry 
istf &isulin, insulin conjugates, and thyroglobulin 
studies which are not strictly in the field of endocri- 
nology but which have naade use of protein hormone 
factors. 

The Endocrinology Branch of the Di\ Ision of Physi- 
ology ceased to exist early in 1957 following the de- 
parture of Vollmcr from NMRI. What was formerly 
tte ll^iioa^tidiogy Bran^di vms hsmtp&imkA ks^ the 
Experimental Medicine Branch of the Physioloc^y 
Division and endocrine research continued in this and 
other groups Ihcm^m. If owwfer- vi^riE !fe ^Ms Md 
was never confined to the Endocrinology' Branch- 
personnel from other divisions and branches having 
iMle contiibutiom to endocnhology. Abo it 

^oilM be^fi^ that the major research endeavor in 
m&mmmSx^ centered around the pituitary-adreno- 



cortical and related systems, especially in tenns of their 
responses to adverse environmental stimuli which 
mig^t be (^^^mmteied fay tm2l ptmmitd m mans 
of their roles in the management of clinical problems. 
Research in Endocrinology at NMRI has contrib- 

ber of outstanding people in the field. In many in- 
stances NMRI provided investigators with freedom, 
opportunities, and facilities to carry out programs 
^mAI^ v^mM ha^ h&m M^mk, U not k^fN^fble, 
elsewhere. It would be difficult to overemphasize the 
importance that scientific freedom has had in the 
success of endocrine research at NMRI^ although in- 

every effort to channel their researcli in these direc- 
tions. When one has this opportunity to look at past 
rema^ to aa^rinology at N!^IS9 a iietr<)spee- 
tive vantage point, the basic importance of the work 
done and its contribution to the understanding and 
management of problems arising from military opera- 
tional or modem conibat conditioiKs b»x>nies impres- 
sive. In addition, there have been major contributicaas 
to fields of biology and physiology as a whole. 
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X. MICROBIOLOGY 

E. Weiss 



During World War II scrub typhus was one of the 
more important, poorly comprehended infections en- 
countered by the American forces in the Far East. 
The etiological agent, Rickettsia tsutsugamushi, was 
extensively studied at NMRI by McLimans et al 
( 1080) . Attempts were made to understand its patho- 
genesis by Tullis et al (1608) and to test potential 
ehemodierapsoi^^ 'Thk 
work was carried out before the broad-range antibiotics 
were discovered and the survey of chemotherapeutic 
agente y!«^l^ ^ippi^^igf ix^^d^ feimdation 
of basic informatiiOii i^as hM text #e d^l^lopments 
that followed. 

Another healfh problem constantly confronting the 
Navy is shigellosis, or dysentery. In a well established 
community with an adequate sewage system and other 
iianitaiy Kifieguairds, enterte i^eii^^lNSs deair l^i:^ 
quently. However, when a large number of sfidloill 
are crowded into a ship, or marines are sent to field 
exercises under difficult and stressful conditions, oppor- 
tunities for breakdowns in sanitary barriers are con- 
»dei:able and outbi^eaks of dys^^ The 
Naval Medical Res^eh I^s^Stute ha^ cdlfected over 
the years the principal strains that have been respon- 
sible for the outbreaks in the Navy. This collection by 
Babcock et al ( 3 ) accompanied by the documentation 
of tite; ©aibreak that each strain produced, is one of 
the most cmnplote in this country and is of great value 
for epidemiological studies. NMRI has been able to 
provide flie American Type CMIiiie Collection, uni- 
versities, and other accredited laboratories with repre- 
sentative strains for teaching and research purposes. 
In this mmis^mi i^ f^mtM lote ctf «^ntli^lni^ 
tion was recently investigated in a crowded fallout 
shelter which was used to study conditions expected 
to prevaU in passive dehmt ikj^a^am atomic attack. 



It was found that the fecal flora of the participants in 
the shelter project remained entirely normal and it was 
concluded that under the conditions of the test, dysen- 
tery can be prevented (J. A. Da vies, unpublished). 

The biochemical properties of enteric pathogens have 
been studied quite extensively by Erlandson (516, 518, 
519), although the connection between biochemical 
diatacteristics and vmilenee 1^ not been sadi^ietoiSy 
resolved for this or most of the other groups of micro- 
organisms. To study the virulence of a microorganism 
it is necessaiy^ li w^^maSmm tbe cKsease ist simse form 
in an cxperini^illflt animal, something that is very 
difficult to do tiiie Shigella. A great deal of time 
and effort have been devoted to the search of a suitable 
experimental animal and some progress has been made 
in this direction. In some cases the virulence of a 
Sti^iin he t^mA by injecting hens' ^gs and by 
studying the survival of developing chick embryos (30, 
517). The susceptibility to infection of mice was f oimd 
by McGuire and Floyd (1070) to be increased by 
fasting and fatigue. In other cases the ligated seg- 
ments of small int^e^tkies of rabbits and guinea pigs 
have been found to lie satidkctory models for experi- 
mental dysentery (555). 

Control of dysentery by means of vaccination is beset 
with two difficulties which have not yet been sur- 
mounted. Firsdy, several aniigenically different 
strains are involved in dysentery, and at best a vaccine 
can include only a few of the more common types. 
Secondly, most vaccines against single strains have 
]:)roved to be ineffective, even when tested against the 
strains from which the vaccines were prepared. This 

fined to the enteric tract and is not readily exposed 
to the action of antibodies. The Naval Medical Re- 
seardi Insiitttte has attempted to produce satisfactory 
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vaccines under the leadership of Barnes (24). These 
attempts as well as others carried out by other research 
0Em^ not been successful, al^i^^^ iks^ im^. 
ser\^ed to clarify the difficulty of the problem ol control 
of dysentery. 

amount of attention at NMRI. Since epidemiological 
investigations have been extensively carried out at other 
naval hkmrn^^^^ dfaw hmti \mm (mimtimLtifS& m 

problems of host-parasite relationship. For example, 
Wagner and Bennet (1702, 1703) studied factors that 
Mtience and 'Same Aat prevent l3ie production of 
fever by influenza viruses in experimental animals. 
Somewhat similar l^tudi^^ extended to include the 
effect 6f coTtisani^ were e^dueted by Khoobyarian and 
Walker (903). It was clearly shown that cortisone, 
which is commonly used in the treatment of arthritis 
and other illnesses producing exaggerated inflamma- 
tory responses, actually reduced the resistance of ex- 
perimental animals to the toxic efifects of the virus. 
Similar results were obtained with an entirely different 
pathogen of man by Vollmer and Hurlbut (1682). 

Another problem that is of considerable interest to 
the Navy is infection by viruses that are carried by 
mosquitoes and dth&t arthropods^ called s^^^^^3tis^^ 
Viruses of this group are very numerous and span the 
whole range of virulence from a low to a highly lethal 
le«<d. si^ m^^l^ of S^utliiist fKp&«g^ 

cephalomyelSfiij^ t^piifiQi^d by mosquitoeSj occur in 
the United ^Ml^: liipi are responsible for isolated 
human inleie^imai^ Wiwewr, £n Ihis coun- 

tr)' the mosquito population is kept under surveillance 
and the various control programs usually keep it below 

the fact that when troops are sent to a foreign land, 
they may be exposed to larger and more heavily in- 
fected Mosquito populatidim Pttffti^riMois^ 
increase in the number of susceptible individuals, rep- 
resented by inqooiing troops^ and other changes 
population produced fef an emergency, may residt hi 
catastrophic epidemics. 

In the Far East two viruses are of paramount im- 
portance, Japanese encephalitis and dengue viruses. 
The first produces a disease which has a very high 
fatality rate, while the other, although not usually 
lethal, incapacitates patients for several weeks. Hurl- 
but has made a number of interesting observations on 
the transmission of Japanese encephalitis virus. He 
showed (817, 818) that the virus can multiply to very 
high titer in a mosquito, Culex quingurfasciat us, fol- 
lowing parenteral inocculation and can be maintained 
in the mosquito by serial passage or by cyclic trans- 



mission by bite to the mouse and back to the mosquito. 
He also showed that the infected mosquito maintains 
^t^'^^am when hebl ipd^r coi^di^^ Igb^M^iNie^^ 
nation (816) but does not transznit It to its c^i^mi^ 
(808). 

has been to develop better methods for the isolation, 
growth, and identification of these viruses. Dengue 
virus is m es^^itliy dlfiaift oife ^ study, hemcm% 
grows with some difficulty in mammalian cells and does 
not produce overt signs of host cell degeneration, which 
is the most c^^p^veniei^t meanrc^ the growth 

of a virus. Following basic observations by Banta 
(16) on the growth of several viruses in tissue ciUture^ 
Wiebenga (1753) was aBfe indritMn deii^^ 
by serial passage in a line of cells that had been derived 
from human skin. The virus produced minimal de- 
generative changes in the host cells, but its presence 
could be detected by the fluorescent antibody tech- 
nique. This technique is based on a typical antigen- 
antibody reaction, except that the antibody is labeled 
with a fluorescent compound and, if retained by the 
antigen, a layer of infected cells attached to glass in 
this case, it can be detected by ultraviolet microscopy. 
By this mehod it could be ascertained that 10 percent 
of the cells were infected at any one time. 

Since the cells were not destroyed by the virus, they 
could be cidtivated iad^Midly, '^iM&t 11 mmHSm M 
continuous cultivation, they became virulent for ufife^ 
infected human skin cells of the same line or for monkey 
Tbm^ 4 mw '^mM of virus was derived, 
which, although identical to the original virus in every 
other respect^ desti^oyed the hos^^ a much 

Hurlbut, in a more recent study (819), followed an 
entirely different approach to the study of arboviruses. 
He selected 13 rept^entafive i$tt«Siis antflnjected them, 
with a special microsyrine^e and needle that he devised, 
^tp 1 arachnid and 8 insect species representing 6 
orders, a total ts* lit combfmi^^ Be fbutt#^tart ft* 
viruses had a his^^h j^Mcntial: iar propagating in a 
variety of arthropods, but that not all viruses multi- 
plied to the same extent. He proposed a theory that 
the ancestral virus type had a wide host range, while 
the more recent evolutionary types were re^njCted to 
few hosts. On the basis of his theory he tmcBfl the 
evolution of the arboviruses that he had tested. Fur- 
thermore, he demonstrated that the viruses were dupli- 
cated without any apparent injury to the host, but had 
an affinity for the central net^us system. 

These results are of great significance, both from 
the point of view of basic information and implications 
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regarding possible health hazards. It is obvious from 
i&ese studies that the viruses can multiply in a larger 
^umb^r of arthropods than heretofore believed possi- 
Mfe. Hiell' occurrence in just a few of these hosts in 
nature is probably due to a number of ill-defined fac- 
tors and circumstances that are not all difficult to over- 
come. It is conceivable that under certain emergency 
conditions that affect the ecology of Harti^lSjpods 
and tlio animals on which they feed, a new vector for 
a virus could emerge, that would precipitate an entirely 
new h^th hazard* 

A problem of an entirely different nature that is of 
great interest to the military is epidemic typhus. This 
disease has rav^^ed armies af»3 civilian populations 
during all major wars for millennia. The possibility 
that it may reemerge as a devastating force in any 
ftiture conflict cannot be discounted, especially if large 
segments of the population are exposed to ionizing 
radiation. It was shown over 30 years ago that X- 
irradiated rats are far more susceptible than normal 
animals to infection with the agent of epidemic typhus. 
This phenomenon was also recently studied at NMRI. 
It was shown by Weiss and Dressier (1730) that tissue 
culture cells exposed to very large dps^ of ganuxul^^lilP^ 
ation supported the growth of the microorganisms — 
called rickettsiae — just as well as normal cells, but 
released them more rapidly. If this is an indication 
of what happens in the irradiated animals, it can be 
readily seen that more rapid release of rickettsiae 
leads to more Fa|»d infection of new cdlk smd greats 
pathogenicity. 

Unlike the previously discussed arboviruses, the vec- 
tor M Hie 4^6fit ol ^i^igsaie ifi^ bodf ^mm^ 
can be controlled by DDT and other insecticides, and, 
unlike the Shigella, a valuable vaccine is available. 
fii^E#ton6re, if the patients We mm^pmisp£fyy ^ 
broad rani^r antibiotics are effective. However, it 
would be a mistake to believe that DDT, the vaccine, 
smd #te antibiotia^ preseifi^ bmmmmmsMie barrier 
to the progress of an epidemic. Strains of insects re- 
sistant to DDT are known to occur, the vaccine does 
not affdrd ccwifiplete pMtn^&tt, md wide use of anti- 
biotics may accelerate the appearance of resistant 
strains. The latter problem has been studied exten- 

rators that, fortunately, it is relatively difficult to j)ro- 
duce antibiotic-resistant strains in the laboratory. For 
example, strains resistant to tfie tetracycline compounds 
were not produced, despite elaborate attempts. With 
Ghlor^Mxipfaenicol only twp mi^l in i^istan$;e 

iMLlN^c^^ (1738), Q^^#Hkerlmd^ 
tibility to erythromycin^^ one of the most f^i^tive anti" 



biotics, can be completely lost in a single step (1733). 
Rickettsiae have the relatively uncommon property of 
bein^ inhibit^ hjf the sulfonamide antagonist, para- 
aiiiinolb^EKsolc acid. By producing several strains re- 
sistant to this drug, several properties of the rickettsiae 
became apparent. For example, it was shown that 
folic acid does not play the same role in rickettsiae as 
in many o&iar microorganisms (1729, 1731, 
lliis work was reviewed in detail by Weiss in a reoint 
publication (1735). 

RidMit^B^y al8^^ most latpeets, 

have not yet grown in a cell-free medium, but because 
of their rather wide enzymatic capabilities, it is be- 
lieved &at sll^Id eventually be po^U W find a 
cell-frco medium in which they can be grown. Much 
of the research at NMRI has been directed towards 
this g6ai, vMch would open new avenuei for &e pro- 
duction of antigens and vaccines. The direct ap- 
proach — testing complex media of various kind — has 
not been fruitful and has not been extensively applied. 
Instead, attempts have been made to detect addi- 
tional enzyme sps^t^ems tjbat may eventually lead to the 
detem^batkM d[ gtmsik requirements. The most 
successful investigation has been concerned with a 
rickettsialike microorganism isolated at NMRI by 
Suitor (1551), which serves as an excellent model for 
"obligate" intracellular microorganisms. By the use 
of radioactive compounds it was found that this micro- 
organism utilizes several carbohydrates, amino acids, 
and lipids for energf >a» well as synthesis (1198, 1199, 
1 740, 1741 ) . The very active lipid metabolism of this 
agent is of particular interest, because it had not been 

im^iSb^ & mSami^Bansm of thift 

It appears logical that intracellular microorganisms 
such as rickettsiae should have an active lipid metabo- 
lism hmmm itsSs^ Wj^i^^j^m^ mmhmtm must be 

very active in discerning and taking in labile nutrilites 
that might become fleetingly available within the cells. 

The mieraofg^ri&m$ m #6 pefltacosis-trachoma 
)[,n'oup likt^ rickettsiae, although not viruses, arc other 
examples of obhgate intracellular parasites which have 
been investigated at NMRI. The propeiiies of the 
agent of psittacosis, reviewed by Weiss (1727) make it 
a somewhat more useful microorganism for basic in- 

has confronted investigators of this aspect of micro- 
biology is the great variety of strains related to the 
agent of psittaco^ ate eoniteiioiisly encountered 
in nature. The mechanism by which these strains arise 
iSi pizzling. It has been shown by pmvious investiga- 
tors that changes in virulence for exp^imcaltal animals 
can be produced by smai passages m the guinea pig^ 
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mouscj or chick embryo. It has also been shown that 
ri^stance to mitf^dsiomdes is acquired readilf iie 
agent is grown in the presence of sulfadiazine. Gordon 
et al had previously elsewhere developed strains re- 
sbts^ penieillin and cUcft^i^m^^^&m. f&eie 
strains were then used (651, 653) in mixed cultures to 
investigate the possibility of interaction. It was clearly 
^lown that strains do felerai^ among eedh olb^. 
For example, when a strain resistant to chlortetra- 
cycline and one resistant to sulfadiazine are grown 
t^ietfuer, a misS^ ^tiS dual drug reSKtance can lie 
rapidly obtained. The same results are obtained when 
one of the two strains is subjected to heat sufficient to 
destroy the infectivity, but not high enough to break 
up the nucleic acid. 

The above described results are of paramount im- 
portance. They indicate that the agent of psittacosis, 
in addition to having a rather high rate of mutation, 
can exchange genetic information with related strains. 
The role of this genetic exchange in the establishment 
of new strains in ia^B^lm^ is not known, but conceivably 
is an important one, especially since full activity, in- 
cluding infectivity of both strains of microorganisms is 
not required. 

Trachoma, the disease, constitutes a very important 
problem. It is estimated that it cifTects approximately 
400 milfon |iei!^le flu^ghout die moiM, tt pmsents 
no great danger to the military entering an area where 
the disease is prevalent and^ because of the chronic 
nature x^te 'lnlectim^ it is not Wieif itiM m 
gency situation would spark a new epidemic. The 
Navy's chief interest in trachoma rests on the geo- 
graphical liciicsadon ^ its two ovenea kfkira:i^es, 
Na\'al Medical Research Units 2 and 3, in Taiwan, 
Republic of China, and Cairo, U.A.R., and the ojppor- 
toMies it lia^ In i^y this ptc^^m mAg p0B^% mt^ 
suggestions to alleviate dm burd^ on liie effected 
populations* 

Itofl9fit pssuit 6 years, it has been possible to grow tluir 
agent in chick embryos, and this has given new im- 
petus to investigations of various kinds such as surveys 
of strains from various areas of the world, more ra- 
tional approaches to treatment, and possibly, vaccina- 
tion. This information was well summarized at a 
symposium on trachoma, which was sponsored by the 



New York Academy of Sciences (657) in 1961 and 
mmm^f^ihsed by Gordon. The D<^ft^ei(Mci1^ 
biolog)' of NMRI, under his leadership, has been able 
to contribute a great deal to the broad program of 
w&mxdti m i^m^mm. Tl^ m^ ii pm Am to fiie 

wide experience that he and his associates had acquired 
with the related agent of psittacosis. Procedures for 
^ hkma^mf lAignosIs of trachoma were gr^% 
simplified. Tissue culture techniques developed for 
other agents by Weiss and Dressier (1734) were 
adapted to tradioma by Gordon (655) and a vsrary 
simple rapid staining method of the typical inclusion 
bodies by iodine was introduced (659) . An investiga- 
tion of flie drug susceptibility of the agent (657) 
greatly facilitated the selection of drugs to be used in 
isolation attempts. A recent development has been 
the demonstration that increasing the level of glucose 
in certain tissue culture media greatly favors the growth', 
of the agent. Thus, through these cfTorts, techniques 
for the direction of active traciioma infection, once 
laborious and difficult, have become simplified to ihe 
extent that they can be applied extensively. For ex- 
ample, Gordon et al (660), by applying these tech- 
aiipea^ were able to follow Ae eaoia^e <tf eaqp e ^ a BM^tail 
trachoma in monkeys. Conjunctival swabs and wash- 
ings were taken repeatedly and tested for the presence 
of viiMe W^^iQ^ Sbeh ^^slezin&a^oia ^ew 

require only 2 days instead of weeks. Valuable obser- 
vations could therefore be made on the correlation 
%elvife^ tmn ^jgm ^ and ik<ss(^^ of cultiv^ 

able microorganisms. The Department is now engaged 
in a detailed antigenic analysis of the various strains 
^ fraclfonia, wllid^ is ^gism^ 
of the nature of immunilfy to tills inlection and 
tunity for vaccination. 

The approactwss to Ae abdw Klesft^rflbed pfdfclemis^ 
beinij: lri\( siioat< d at NMRI have been basic, since 
other laboratories are in a better geographical position 
to carry out surveys and apply findings to specific prob- 
lems. No attempt is made to cover all phases of re- 
search of interest to the Navy. Instead, NMRI is 
making an effort to become a center of study for a few 
important problems which are of particular interest to 
the Navy, are generally neglected by other agencies, 
but are of basic interest to the scientific public at lai^. 
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XI. PARASITOLOGY 

G. G. Huflf 



Wodd Wai- 11 Period 

Itoaileite^li^ liesieareh at NMRI began as a con- 

gerie of unrelated projects necessitated by the exigen- 
cies of World War II. The world conflict into which 

campaigns in parts of the world where parasitic dis- 
eases were rife. In some instances such as the invasion 
of Guadalcanal by i^e U.S. Mktmes, para^fe <fls- 
eases — in this case, malaria — proved to be more formi- 
dable foes than enemy troops. Consequently the para- 
sitdcgM research done at NMRI during the war 
consisted of "crash" programs. Research in anti- 
malarial drugs was initiated by studies on the effects 
of the gas, stibene, upon a newly discovered malarial 
parasite {Plasmodium gallinaceum) which infects 
<;MQkens (1473). This work was rapidly expanded 
fate lihe testing of a wide variety of compounds in an 
effort to find a substitute for quihina, ihe supply of 
which had been cut off by Japanese conquest (1543, 
1544, 1546, 1565) . Another approach toward insect- 
transmitted diseases was a program alixii^^ i^i'jii^^ 
ing better repellents against insects, which could be 
applied to the skin or clothing of troops (504, 843, 844, 
1045, 118% Wm, Vm). Caosely related was 

the attempt to control diseases caused by blood flukes 
(schistosomiases) through chemical attacks against 
msak in whfell tte SiMature stages of worms 
spend a part of their life cycles (841, 940). Another 
disease which is more serious in the tropics than in 
liscii^N^^ ^fii^tfm Since many 

of the methods of water purification are not eff'ective 
against the transmissible stage of this parasite, meth- 
ods were sought for rendeite^diMfefng^ 
the cysts (1040, 1041, 1042, 1043, 1542). Other sei- 
entists associated with these wartime programs were: 



R, E. Kuntz, J. H. Killough, C. S. Wilson, D. R. 
Mathieson, M. A. Stirewalt, L. A. Jachowski, and 
K. L. Knight. There was a transitional period follow- 
ing the war In which some of the wartime research 
projects were completed, some military personnel left 
NMRI, and civil service scientists were recruited. In 
1947 C. G. Huff was appointed head of the parasito- 
logical laboratories and research began to be oriented 
toward long-term basic investigations. 

Postwar Period 

Although interest in parasitic diseases had been 
greatly heightened by the war and research had been 
greatly expanded in univer^ties a^d fSG^minercial lab- 
oratories as well as in Government laboratories, it was 
realized that the peacetime continuation of these in- 
vestigations; MiWfllE !fiecome largely the responsibility 
of Government agencies such as the Public Health 
Service and the Department of Defense. Now interest 

ani support of parasitcidi^^ ^nmmmM MmmMmem- 

ment institutions have fallen to about their prewar 
level. Parasitic diseases in continental United States 
have either been eliminated (ntaJaria), or have been 
reduced to such low levels as no longer to enlist interest 
and research. In spite of this fortunate situation in 
the United States^ parasitic diseases still remain of 
very great importance in many other parts of the world, 
particularly in the tropics. These diseases not only 
take their yeariy toll of lives btit i*emain formidable 
obstacles in the economic, social, and educational de- 
velopment of the people in the countries in which they 
esdst Furthennorej they present potential probl^xis 
to our military forces in the event of possible engagi^ 
ments in these countries. 
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Sin^ busiO information on parasitic diseases — in 
Spite of afl of tfce great dei^ibfffiig^nt!! dtiring the past 
20 years — is woefully deficient, it is quite apparent that 
research aimed at increasing this information must be 
earried oat k «iicfe laloratoi^es as the Naval Medical 
Research Institute where it can be given the continuity 
so essential to its success. Such basic studies have been 
pursued at NMRI for the past 15 years on malarra, 
schistosomiasis fiiariasis^ smd imect vectors cf disease. 

Malaria. — ^The research work in malaria lias cov- 
ered a wide scope. The diverse problems which have 
been studied can be grouped in two categories: those 
concerning the relationships between the makiMpara- 
sites and their vertebrate hosts, and those concerning 
the relationships between the malarial parasites and 
their mosquito h<»ts. 

In the former category most of the research has dealt 
with the stage of the parasite which resides in fixed 
tissue ^mmf^bm^^ms§&^ i^i^^iSan in the 
red blood cells. Using the conventional methods em- 
ployed in the study of histological preparations the 
fliorii^oldg)^ #evf^l0pril€!h^ te&seicms of these 
statres of seven species of avian malarial parasites were 
studied in nine species of birds (774, 780). In addi- 
iion to 1?!^ #ibt«rices in ttiie abaky of these stBges to 
infect difTerent sp{x i(\s of birds definite patterns of their 
development were observed in pertain host^parasite 
c(»?ttMrt^ tym, fS^^ . Some o# ftese were closely 
related to the course of development of parasites in 
the red cells (parasitemia) . For example, in two of 
die spediess ivldich ttrfe^ turkeys a massive invasion of 
the endothelial lining cells of the blood vessels occurred 
very regularly at 13 to 15 days after the inoculation. 
At that time the infection of the blood would have 
subsided but the animals would invariably die as a 
result of this attack on the cells lining the blood vessels 
of the vital organs. 

Ttofiis.!^ of parasite were adapted to continu- 
ous passaee in chick embr\'os. Tissue cultures were 
prepared from the infected organs of the embryos and 
% iS^&S^m^ ipieeial ite»^«»s it was ipmiMe m Ob- 
serve and photograph the fixed tissue cells in all stages 
of development. The host cells and parasites which 
are bar^^r iMile if Ihef oit^smf M^t Md micro- 
sccqpe were observed in great detail by means of phase 
contrast optics which had been introduced shordy 
before World War II. By the use of normal speed and 
time-lapse j3m^B^ ^ctures, the b^avior df the Il^ng 
fixed tissue stages was obser\'ed. In addition, the 
interaction of parasite and host cell could for the first 
time be studied in die Uving condition (795) . These 



methods have opened up for investigation a very large 
number of pft^blems tm^^sm&sg lihit teie 
which could fomierly not be studied (796). 

Parasitologists are interested in the effects of the 
hosts upon the parasite as well as iSbe effects of the 
parasite on the host. One such eflect which was given 
considerable study concerned the effect of the avian 
host upon the sexual stages of the parasites (gameto* 
cytes) which complete their development in mosqui- 
toes. It has been known for some time that as the 
infection develops in the host the ability of the sexual 
stages of the parasite in the blood to produce infections 
decreased in mosquitoes which ingested this blood. 
Many possible factors which might be considered as 
possible causes of this effect were studied. The only 
factor which was shown consistently to have such an 
effect on these sexual stages was the development of 
active imtam^ M si^n hm (iii^ . 

Among the many studies made of the interrelation- 
ships between malarial parasites and their mosquito 
Imtstwo^^pvlsndpalprograniftwtfll^^ fim, 
an extended program of investigations (still in prog- 
Hesi) has been directed toward the effects of anti- 
maladal drugs, antSbSyScn, bases, addb, acnd sdts ttpon 
the susceptibility of mosquitoes to malaria. A vast 
array of effects has been found which has led to the 
general ediicitdste and suscepti- 

bility of mosquitoes to malarial infection are to a large 
extent determined by the physiological status of the 
mosquito (1567, 1575). The smmd program was 
concerned with the potentialities of various stages of 
the makiial pagr^te^ to develop in the body cavi^ ol 
mosqtdtoes and to produce infective fotim in Si^r 
salivary glands. Previously it had been believed that 
the known complex course of development and migra- 
tion of the parasite in the body of the mosquito was the 
only possible course. It has now been proved that the 
sexual stages normally ingested in the blood meal of 
the mosquitoes can be injected into the body cavity 
and that their development may occur in all parts of 
the b(xly (instead of, as formerly believed, upon the 
stomach only), and diat the forms infective to the 
les^rtebrate host (sporozoites) will develop in the sali- 
vary glands of the mosquito in the usual fashion. Fur- 
thermore, any of the intermediate stages between the 
sex^nd stag^ woA sponnBC^e^^an Jbe ip^ssi^ved fitmi 
an infected mosquito, transferred to the body cavity of 
another mosquito, and will continue the remainder of 
(gtevelc^tnent in the feei|^f fn@S(|ul^0. Afa&, ike 
fixed tissue stages grown in tissue ( ultures can be in- 
jected into the body cavity of mosquitoes and they will 
produce infective forms in the saEvary gl^ds. These 
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surprising results have thrown much light upon the 
mechanisms which determine whether a particular 
laeosqiiito will become infected wii a particular kind 
(1717, 1719). 
Schistosomiasis. — A group of parasites of potentially 
great importance to the military forces is the group 
known as scMsMscto^ blood Iti^j^ The dis^aasi% 
variously known as genitourinary schistosomiasis or 
bilharzia, Manson's schistosomiasis, and Katayama 
d^^t^l^^lifi^libtefigiii^^ 

parasites have their early development in snails, infect 
man by direct penetration of the skin when exposed to 
infested walers, and reinfect snails through Hie egg 
stage voided by infected persons. They differ widely 
in their pathology and symptomatology. A broad pro- 
gram of studies began vAth a search for the best species 
of animals available for maintaining them in the labo- 
ratory (1523) and has continued in the biological 
immunological, biochemical, and physiology phasen «rf 
the disease in these animals (1522, 1527). Much of 
this study has been directed toward the f ree-svOTai?TO|; 
stage (cercariae) which penetrates the sMn of fte hesi. 
The mechanisms by which these infective stages invade 
the skin of the vertebrate and the pattern of their 
behavior after invasion have been intensively investi- 
^iSS^ '(Uil, 'fi^l^ Likewise, the question of how 
resistance to subsequent penetration of the skin de- 
velops in hosts which have been recently exposed to 
the ird&Mm Itm been analyzed 

. Infective stages (cercariae) which have been 
in contact with the serum of the infected host 
a ffirck envelope arcwE»rfi!^pPT^ TmW^ 
body responsible for this reaction has been located by 
electrophoresis and its characteristics determined 
(530) . The secretions from two different types of 
glands in the cercariae have been collected and their 
general chemical nature determined (1534, 1536^ 
1537). tt W2Ct ^^m^mmmi ii^ cm species df snail 

is capable of sustaining the development of the schisto- 
somes only if the environmental temperature is main- 
l&rf above 25- C. Inxprov^ents in the laboratpry 
diagnosis of ^Mstosomiask have been made (iSitJj* 

Filariasis. — Another group of diseases caused by 
worms are the filariases. They are tropical in distribu- 

tlt^ mt transmitted^ fef i^ic^^tiiE^i wd mm^^pmrn- 

tial importance to military operations where they 
occur. Bancroft's filariasis may exhibit elephantiasis 
as one of its symptoms. A long pr^ram of research on 




this disease has been carried out at NMRI and on mis- 
sions to American Samoa (851, 856) and Puerto Rico 
(863). Epidemiological investigations in Samoa 
demonstrated that this infection is transmitted primar- 
ily outside of villages in wooded areas. It was found 
l^at m^m^m^ of co^i^idl^lie disease was by aerial 
spraying of insecticides which destroy the mosquitoes 
responsible for transmitting it from man-to-man. The 
^18^ in bating human WiS&^^^smymm is^H^ to 
act primarily on the larvae of the worms which circu- 
late in the blood. The species of mosquito most im- 
i>bi^nf in transmitting the disease in Samoa {Aedes 
polynesiensis) was given extensive field and laboratory 
study which provided information on survival^, breed- 
ing, feeding hiali^;«^ fIfefeimsAii 
has been useful in control programs directed toward 
reduction of the mosquito population. Laboratory and 
field work in Puerto Rico have contributed infoms^on 
on the relation of filariasis to the occurrence of ttopiod 
hydrocele and to the serodiagnosis of filariasis. 

Insect vectors of disease. — In recent years and cur- 
rently, considerable emphasis has been placed upon 
two aspects of research on mosquitoes, namely: (1) 
physiology of digestion and (2) behavioral studies and 
response to radiation. It was discovered that the 
d%estion of blood in two species of mosquitoes was 
significantly affected by the feeding of cations, anti- 
biotics, and metabolites, and that these substances 
exhibited If^ffi^ cdinplex binding relations ainong 
themselves (1579, 1580). The amino acid makeup 
of excretions has been dete|nM|ied (829). Some of 
tite factors which have basi6>iis]@lM to affect the bio- 
logical ^fantacteristics 0^ if Wik aaialaria^caitying 
mosquitoes {Anopheles quadrimaculatus) are: (1) 
density of larval population (which influence the mat- 
ing habits, biting rate, and longevity of adults) (1566) ; 
(2) population age and sex ratio (which influence the 
biting rate) : (3) light; (4) size of container; and (5) 
length of adaption time in the laboratory [which in- 
fliiences the biting haJbhs and survival of the adults 
(1466, 1574)]. It has been shown that the lethal ef- 
fects of gamma radiation on another species of mos- 
quito {Aedes aegypti) may be modified by permitting 
the mosquito to take a series of blood meals (1576, 
1582) . A strain of this species, somewhat more resist- 
ant to gamma radiation^ has been obtained by selection 
over a period of 2i gip^c^rtions. 
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XII. DENTISTRY 

H. W. Lyon 



Prior to 1942, research in nai^l Hentis^ was cen^ 
tered and directed mainly from the Naval Dental 
School, although some investigations were carried on 
independently at other activities and sometimes at the 
individual's own expense. Facilities for most labora- 
tory and animal studies were not available. With the 
commissioning of the Naval Medical Research Insti- 
Ipte the first fulMnae dental research fai^ty was 
j^tablished. 

Dental research at NMRI has historically been 
ihtegrated wffti/irai^ 

as well as the National Bureau of Standards, the 
American Dental Association, the National Institute 
ci Efeilid Researabj mi ^m^tovm University. 
Recently, collaborative studies with the Armed Forces 
Radiobiology Research Institute have been initiated. 

Beiital Research During World Waf II 

During World War II, the Navy Dental Depart- 
ment conducted emergency sluiiis ^ ipffiit^a^ 
application. New studies were initiated involving 
manpower logistics from which the needs of the Dental 
Department, and the^ei^al ^t^a^^m^wB^n^^^ pcmEHinel 
in this period of mobilization could be estimated. The 
dental records of approximately 70,000 Navy volun- 
wm mm m^^t^M. m& mivmed. Several reports 
indicated first, that 12,000 dental officers were needed 
per year to restore and maintain oral health of 3,000,- 

variations in the oral health affected the needs of the 
area (1367, 1368) ; and third, that age and regional 
variations affected the degree of prosthetic requfre^ 
ments (1369). 

In addition to these statistical studies, the rapid ad- 
vances in the technciialf (bijI^Kj^ warfare pre^nted 



ofiher acute problems for dentSstryi In 1943-4% m 
man flew higher and faster, pilots reported severe^ 
excruciating toothaches due to rapid changes in baro- 
metric intrapulpal pressure. The results of certain 
experiments using simulated altitude chambers in this 
division led to new methods in restorative dentistry for 
protection of the sensitive dental pulp (1305) . 

Use of localized refrigeration ane^e^a procedures 
showed that cooling of the alveolar process from 37° 
to 12° G. provided adequate protection from pain 

to either hard or soft tissues was discernible (1309). 
Concurrent studies were also in progress regarding 

the ^m^i^wf^llm^ ^Mi^iAi^m^i^mM fri^ 

and supporting tissues of the teeth. Histological 
evaluation showed no evidence of morphological 
change . W ^i^m wmm ^ffSX^a^ ^^^^ 

findings proved of value some 20 years later in relation 
to the vibratory effect of takeoff and reentry as ex- 
f^mmimA by the astroiiaut^ in the current Mercury 
jir0gram« 

Postwar Studies 

Experimental dmmi mi^.—^^ experiences of 
World War II showed that the replacement of lost 
tooth structure due to dental caries was still the most 
teqi03plafil ptMmt hmig the Na^ CM^I GcM?fSi 
The need for basic research in preventive dentistry led 
to the initiation of a breeding program to produce 
f mm the standi CSfef^!t^id Wt^hi, k mt strain 
which would be unifoniily susceptible to dental decay, 
but otherwise, possess the characteristics of the normal 
laboratory rat (1373) . This strain, the NMRI-D rat, 
|iiibduc^ clinically visible lonooith Surface or pit and 
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fissure caries in 30 days on a cariogenic diet (985). 
Other standard strains generally require 80 to 100 
days to produce smooth surface or pit and fissure cavi- 
ties, but not both. The economy in research time is 
obvious and the significance of the simultaneous oc- 
currence of both types of caries has not yet been solved. 
Establishment of the strain has permitted many studies 
concerning the epidemiology, etiology, and treatment 
of dental caries; numerous activities have requested 
breeding stock. One of the first group of studies 
showed that some popular acid beverages possess a 
sufficiently low pH to decalcify the enamel of teeth 
(1067). The major effort was slanted at an evalua- 
tion of the influence of dietary elements on dental 
caries. A basic purified diet that satisfies the strain's 
nutritional requirements permitting experimental vari- 
ations in components has been established (1373), 
Growth patterns and bilateral caries symmetry have 
been evaluated early in the study ( 1 745 ) . Repeated 
experiments have shown that NMRI-D strain rat is 
less susceptible to the caries reducing effect reported 
by others, e.g. sugar free diets (996), phosphates 
(1660), or molybdenum (1661). These experiments 
demonstrate strain differences in caries activity and 
illustrate the danger of extrapolating from experi- 
mental animals to human application. On the other 
hand, this same applied research experience provides 
capability for investigating factors of dental interest 
in the space age when personnel may travel for ex- 
tended periods of time in closed vehicles, provided only 
with concentrated diets and distilled water. 

Effects of ionizing radiation on oral tissues. — Cer- 
tain oral manifestations of total body irradiation as 
seen in Nagasaki and Hiroshima patients were the 
presence of acute fulminating necrotizing gingivitis 
plus ulceration of the buccal mucosa. Collaborative 
studies with the Hematology Division, NMRI, showed 
that in total body X-ray irradiated dogs, ulcerative 
gingivitis developed during the early stage of hemo- 
poietic depression, reaching the fulminating stage as 
the animals became moribund ( 1 187) . 

The Bikini test trials and associated total body 
X-irradiation studies on swine presented an opportu- 
nity to observe the effects of high energy irradiation 
(507) . These studies showed that the ameloblast was 
especially susceptible to injury, having a pronounced 
effect on the developing tooth. Hemorrhage within 
the follicular sac was a common observation. 

The effects of bilaterally applied X-ray irradiation 
to the head and neck of dogs, in doses ranging from 
1000 to 1750 roentgens, yielded further valuable in- 



formation (511). Salivary gland parenchyma showed 
evidence of severe injury, followed by bizarre changes 
in glandular cell architecture. Cell damage proved to 
be irreversible at higher dose levels. Dosimetry 
measurements indicated sunmiation at the mid-line 
(1746), from bilateral application in equal dose rates. 

The metabolism of exteriorized salivary glands in 
the rat was affected by X-ray irradiation, these 
changes being especially noticeable in various enzyme 
systems (513). 

Field studies at Frenchman's Flats revealed that 
many dental materials became dangerously radioac- 
tive after capture of thermal neutrons when released 
by nuclear explosions (828). Studies are now in 
progress regarding the effect of thermal and fast neu- 
trons on oral tissues and dental restorations. 

Development of cross-species bone grafting proce- 
dures. — Anorganic bone, or bone treated with ethyl- 
enediamine for removal of the nitrogenous organic 
matrix resulted as a serendipitous outgrowth from 
studies concerned with an evaluation of the chemical 
components of normal and abnormal teeth and bone 
(987) . Removal of the organic matrix results in com- 
plete despeciation, hence any antigenic response from 
cross-species implant procedures is precluded. In sub- 
sequent applied research, anorganic bone was found to 
be an acceptable implant material for the restoration 
of osseous defects in maxillo-facial and orthopedic 
sites (184, 823). Ironically, this bone, though de- 
veloped in the Dental Division, is remodeled and re- 
constructed more rapidly in orthopedic sites than in 
maxillo-facial areas. Although anorganic bone is re- 
modeled at a slower rate than conventional autologous 
and homologous materials, its unlimited source, in- 
finite shelf life and inexpensive preparation properties 
make this a useful substance if needed in a national 
emergency. 

Response of pulpal tissues to operative dentistry pro- 
cedures. — The introduction of high-speed cavity 
preparation techniques through use of the air turbine 
handpiece (250,000 r.p.m.) was a radical change from 
conventional methods of restoring teeth. In this pro- 
cedure, a stream or spray of room temperature water 
is used to cool the bur and also serves as a lavage by 
flooding the cut surfaces of enamel or dentin. It was 
shown in this laboratory that in this technique, the 
dentinal tubules become extremely permeable, thus 
allowing penetration to the pulp by many agents 
placed within the tooth. Results of this experiment 
indicated that a cavity liner or sealant is a prerequisite 
before placing the permanent restoration. 
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these efforts can be stated quite simply: Fluorescence 
studies may provide the clinician with a new diagnostic 
tool for use in vitality studies and prognoses. 

Regarding certain organic components of saliva, in- 
terests are focused on the significance of sialic acid and 
other associated protein substituents in patients with 
and without gingival disease ( 1023) . Sialic acid, pro- 
duced by the sublingual and submandibular salivary 
glands, appears to have a protective or preventive 
function associated with the maintenance of gingival 
health. Separation of these protein substituents is 
being evaluated through techniques of protein frac- 
tionation, spectroscopy and osmetry (761). Recent 
studies have shown that acute gingival disease is a 
manifestation observed in patients undergoing severe 
conditions of stress. 



Biochemistry studies concerning organic com- 
ponents of bone, teeth, and saliva. — Previous studies 
have shown that the natural luminescent qualities of 
the organic matrix of tooth structure are aflfected by 
dental caries, pulpal vitality, and by the inherent pro- 
tein makeup of the collagen molecule. Current 
studies are exploring the fluorescence properties of 
normal and abnormal teeth and bones. Decalcified 
bone, dentin, and enamel were acid hydrolyzed to di- 
and tri-peptides. After removal of residual acids on 
Dowex columns, the peptides were submitted to starch 
gel electrophoresis. Three separate zones fluoresced, 
two being associated with resin artifacts and one cat- 
ionic fraction as true gelatin associated. Identifica- 
tion of this fraction is not being pursued. 

Associated with these studies is the development of 
a "tooth fluorometer." The clinical significance of 
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